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ABS TRACT 
The absorpt ion by 2 8  d i f f e r e n t  samples of CO 
5400-6600 cm-l (1.6 p)region 
spectrometer having a s p e c t r a l  r e s o l u t i o n  between approximately 
0 .5  and 1 . 3  em-'. 
t i o n  c e l l s ;  one having a maximum path  of 933 meters and used a t  a 
maximum pressure of 2 .5  atm. The o the r  was used a t  pa ths  as long 
a s  32 .9  meters and a t  pressures  a s  high as 14.6 atm. Photographs 
of t he  spec t r a  of  a l l  the  samples a s  wel l  as  a t a b l e  of t ransmi t tance  
versus  wavenumber a r e  included. Also presented i s  a t a b l e  of 
i n t eg ra t ed  absorptance v versus  v ,  where approximately 380 
and C 0 2  + N2 i n  t he  2 has been s tud ied  by t h e  u s e  of a 
Samples were contained i n  two d i f f e r e n t  absorp- 
/ A(v)dv 
V '  
values  a re  tabula ted  fo r  the  l a r g e s t  samples. 
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SECTION 1 
INTRODUCTION AND SUMMARY 
-1 
Most of t h e  abso rp t ion  by C 0 2  i n  t he  5400-6600 cm 
summation bands (06O1, 14'1, 22'1, and 30'1) and t h e i r  a s soc ia t ed  d i f f e r e n c e  
bands. Besides these  bands, t h e r e  a r e  a few o t h e r s  which are extremely 
weak and a r e  no t  observable except f o r  very l a r g e  samples. But, al though 
they a r e  very weak, they may produce most of t h e  abso rp t ion  over a few 
s m a l l  i n t e r v a l s .  
r eg ion  i s  due t o  four  
A t  p r e s e n t  t h e r e  is  p a r t i c u l a r  i n t e r e s t  i n  t hese  C 0 2  bands because a 
d e t a i l e d  knowledge of them i s  important i n  the  i n v e s t i g a t i o n  of t h e  
atmospheres of Mars and Venus. This wavenumber r eg ion  i s  use fu l  s i n c e  
i t  i s  r e l a t i v e l y  f r e e  of abso rp t ion  by o the r  gases which occur i n  the  
e a r t h ' s  atmosphere; t h e r e f o r e ,  s p e c t r a  of the p l a n e t s  can be obtained 
from ground l e v e l ,  
t h a t  t h e  abso rp t ion  of t h e  r a d i a t i o n  as it passes through t h e  e a r t h ' s  
atmosphere i s  small  and can be accounted f o r .  
Howard, Burch and W i l l i a m s '  have made some q u a n t i t a t i v e  measurements on 
t h e  a b s o r p t i o n  i n  t h i s  region,  b u t  t h e  u s e  of t h e i r  d a t a  i s  l imi t ed  by 
t h e  r e l a t i v e l y  low s p e c t r a l  r e s o l u t i o n .  
t i o n s  of s e v e r a l  hundred abso rp t ion  l i n e s  wi th  very good accuracy and has 
i d e n t i f i e d  many bands which had not  been observed previously;  b u t  only 
l i m i t e d  information about t h e  amount of abso rp t ion  by a given sample can 
be ob ta ined  from these  r e s u l t s .  
t i o n  by l a r g e  samples; b u t  h i s  measurements were made w i t h  only moderate 
r e s o l u t i o n  and w i t h  samples a t  pressures  of s e v e r a l  atmospheres. 
Furthermore, t he  C02 bands a r e  s u f f i c i e n t l y  weak 
Courtoy2 has measured t h e  posi-  
Kuiper3 has a l s o  i n v e s t i g a t e d  t h e  absorp- 
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Because of the l i m i t a t i o n s  of t he  previous work, t h e r e  was s t i l l  need f o r  
d a t a  on samples covering wide ranges of p re s su re  and absorber thickness  
and with r e s o l u t i o n  s u f f i c i e n t l y  good t h a t  a t  least  some l i n e s  from most 
of t he  bands could be resolved.  The p resen t  i n v e s t i g a t i o n  was undertaken 
f o r  the purpose of ob ta in ing  these  da t a .  A long absorpt ion c e l l  w i th  pos- 
s i b l e  paths as  g r e a t  as  933 meters enabled us t o  study samples having very 
l a r g e  absorber thickness  a t  p re s su res  which a r e  no t  so  g r e a t  a s  t o  smooth 
out the s t r u c t u r e  i n  the band. Because of t he  long paths ,  we were a b l e  t o  
observe and i d e n t i f y  f i v e  new CO bands i n  t h i s  region which have not  been 
r epor t ed  previously.  2 
A s h o r t e r  c e l l  was a l s o  used t o  i n v e s t i g a t e  samples a t  higher p re s su res  i n  
order t h a t  band s t r e n g t h s  could be measured e a s i l y .  The s t r e n g t h s  of t he  
more important bands were determined and t h e  r e s u l t s  a r e  t abu la t ed  i n  
Sec t ion  3. The widths of many of the l i n e s  can a l s o  be determined from 
"curves of growth" of t he  average absorptance over r e l a t i v e l y  narrow 
i n t e r v a l s .  Once the s t r e n g t h s  and widths of t h e  l i n e s  have been found, 
t he  absorptance a t  any wavenumber can be c a l c u l a t e d  f o r  a g r e a t  v a r i e t y  
of samples, even though they may be non-uniform i n  temperature and p res su re .  
Spectra  of 2 8  samples with p re s su res  ranging from 0.02 t o  14.6 atmospheres 
and with path lengths  from 4 t o  933 meters have been reproduced and d i g i t i z e d .  
The reproduced s p e c t r a  a r e  shown i n  Sec t ion  3,  and a t a b l e  of t r ansmi t t ance  
T(v) versus wavenumber v i s  presented i n  S e c t i o n  4 .  Sec t ion  5 con ta ins  a 
t a b l e  of v t h e  in t eg ra t ed  absorptance,versus  v.  V I  i s  on the  low 
wavenumber s i d e  of t he  r eg ion  considered f o r  a given sample, and t h e  tabu- 
l a t i o n s  a re  made f o r  approximately 380 d i f f e r e n t  values  of v f o r  t h e  
l a r g e s t  samples. 
V , I  A(v)dv, 
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S E C T I O N  2 
EXPERIMENTAL METHODS 
2 . 1  GAS SAMPLING 
Samples of C 0 2  and C 0 2  + N2 were contained i n  two d i f f e r e n t  abso rp t ion  
c e l l s  which have been descr ibed previously? The longer c e l l  has a 
base l e n g t h  of approximately 30 meters and was used a t  as many as 32 
passes ,  g iv ing  a t o t a l  p a t h  l eng th  of 933 meters. It is approximately 
0.9 meters i n  diameter and can be evacuated t o  less than 1 micron of Hg 
or  p re s su r i zed  t o  a s  much a s  2 .5  atmospheres. The s h o r t e r  c e l l  has a 
base l e n g t h  of approximately 1 meter and w a s  used a t  a s  many as 32 passes.  
It can be evacuated or  p re s su r i zed  t o  as much as 15 atmospheres. 
The CO was drawn from the  vapor i n  a dewar which contained both l i q u i d  
and vapor maintained a t  a temperature less than about -2OOC by a r e l i e f  
valve which kept the p re s su re  from exceeding 300 psig.  We found t h a t  
t h e r e  w a s  considerably l e s s  H 0 i n  samples drawn from t h e  vapor over t he  
l i q u i d  r a t h e r  than from the  l i q u i d .  The H20 content  w a s  a l s o  much lower 
than i n  samples obtained from commercial cy l inde r s  a t  room temperature.  
The amount of H20  i n  t h e  N2 was much less than t h a t  i n  t h e  C02 ,  and i t  
was n o t  necessary t o  t ake  extreme care  t o  reduce the  amount of H 2 0  pu t  
i n t o  t h e  sample with t h e  N2. I t  w a s  drawn o f f  a s  a l i q u i d  i n t o  a hea t  
exchanger where i t  evaporated and entered t h e  c e l l .  
2 
2 
C 0 2  + N mixtures were mixed i n  the  c e l l .  CO was introduced t o  the  
d e s i r e d  p r e s s u r e ;  N w a s  then added and mixed by f ans  i n s i d e  t h e  absorp- 
t i o n  c e l l s .  N o  at tempt was made t o  change the  r e l a t i v e  abundances of 
t h e  d i f f e r e n t  i so topes  of C o r  0 i n  the samples s tud ied .  It i s  probably 
s a f e  t o  assume t h a t  t he  n a t u r a l  abundances of t hese  isotopes w e r e  p re sen t  
(C12 ,  98.9%; C13, 1.1%; OI6,  99.76%; 017, 0.04%; 0l8, 0 . 2 0 % ) .  Some re- 
s u l t s  discussed i n  a previous r e p ~ r t ~ i n d i c a t e  h a t  t he  abundance of C 13 
was, i n  f a c t ,  about 1.1%. N o  check was made on the  i so topes  of 0. 
2 2 
2 
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Sample pressures  less,  than approximately 0 .06  a t m  were measured wi th  a 
U-tube o i l  manometer, and those i n  the  range 0.06 < P < 2 atm wi th  a 
U-tube Hg manometer. A l l  p ressures  > 2 a t m  were measured wi th  a 
bourbon-type gauge. For a l l  except t he  lowest pressures  used, t h e  e r r o r s  
a r i s i n g  from t h e  uncer ta in ty  i n  t h e  pressure  measurements a r e  probably 
n e g l i g i b l e .  
Since CO:, va r i e s  s i g n i f i c a n t l y  from a p e r f e c t  gas  a t  some of t h e  h igher  
p re s su res  used i n  t h i s  i n v e s t i g a t i o n ,  i t  was necessary t o  account f o r  t h e  
Van der  Waals' f o rces  g iv ing  r i s e  t o  the  dev ia t ion  from a p e r f e c t  g a s .  
I n  c a l c u l a t i n g  the  absorber  th ickness  u ,  t h e  fol lowing equat ion was used: 
STP * (atm cm) 
27 3 
29 6 
u = W p L -  
L i s  the  geometr ical  path length i n  cent imeters ,  
p i s  the p a r t i a l  p ressure  of 'C02 i n  atmospheres,  
2731296 accounts f o r  t he  d i f f e r e n c e  i n  dens i ty  
between s tandard temperature and room temperature 
a t  which the  measurements were made. 
Van der  Waals' f o rces  i n  C02 and i s  given adequately 
f o r  t h e  pressures  used i n  t h i s  i n v e s t i g a t i o n  by 
W i s  a c o r r e c t i o n  term which accounts  f o r  t he  
W = 1.00 + 0.0047 p .  (2-2) 
In  order  t o  r e l a t e  t h e  pressure  of a sample t o  t h e  half-width of t he  
absorp t ion  l i n e s ,  i t  is  necessary t o  account f o r  t h e  d i f f e r e n t  broadening 
a b i l i t i e s  of C02 and N2 wheg dea l ing  wi th  mixtures  of t hese  two g a s e s .  
Burch, Gryvnak and W i l l i a m s  have used an equiva len t  pressure  Pe g iven  
by 
P = 1.3 p + (P - p ) ,  (2-3) e 
where P i s  t h e  t o t a l  p re s su re .  It i s  noted t h a t  t h e  equiva len t  pressure  
approaches t h e  t o t a l  p ressure  f o r  a very d i l u t e  mixture of C02 i n  N2, 
which i s  a good approximation t o  the  e a r t h ' s  atmosphere.  
Since the  simple c l a s s i c a l  theory p r e d i c t s  t h a t  t h e  half-width of a l i n e  
i s  propor t iona l  t o  the dens i ty  of molecules,  Equation (2-3) should 
probably be modified t o  account f o r  t h e  n o n - l i n e a r i t y  between t h e  dens i ty  
of C02 and i t s  p a r t i a l  p re s su re .  No c o r r e c t i o n  i s  necessary f o r  N2 s i n c e  
i t  behaves much more l i k e  a pe r fec t  gas .  The adjustment was made i n  the  
f o 1 lowing way : 
p, = 1.3  w p + (P-p). (2 -3 ' )  
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b 
The self-broadening f a c t o r  1 .3  i s  not v a l i d  i n  a l l  p o r t i o n s  of t h e  spectrum. 
But i n  a d e t a i l e d  s tudy of t he  shapes of col l is ion-broadened l i n e s  which 
w i l l  be  described i n  a s e p a r a t e  r epor t ,  7 we found t h a t  i t  i s  s a t i s f a c t o r y  
i n  regions where most of t he  absorpt ion i s  due t o  l ines  whose c e n t e r s  a r e  
a few t e n t h s  of a cm-' away. Therefore, i t  probably can be used through- 
ou t  most of t he  r eg ion  covered by t h i s  r e p o r t .  However, i t  should be 
considerably g r e a t e r  i n  a r eg ion  such as t h a t  between 7100 cm-l and the 
head of t he  0'3 band a t  approximately 6990 cm" where t h e  abso rp t ion  i s  
due t o  t h e  wings of l i n e s  whose centers  a r e  seve ra l  cm'l away.5 The 
d i f f e r e n c e  i n  the  self-broadening f ac to r  a r i s e s  from the  f a c t  t h a t  t he  
shape o f  the extreme wings of a self-broadened l i n e  i s  q u i t e  d i f f e r e n t  
from t h a t  of a nitrogen-broadened l i n e .  
2 . 2  RECOR3ING AND CALIBRATION OF SPECTRA 
The s p e c t r a  were obtained with an Ebert-type spectrometer whose main 
mirror  has a 75 cm foca l  length.  It u t i l i z e d  a s m a l l  g r a t i n g  having a 
ru l ed  a r e a  64 x 64 mm wi th  600 lines/mm and blazed a t  1.6 microns. 
g r a t i n g  was used i n  the  f i r s t  order  and a S i  f i l t e r  e l iminated overlapping 
o rde r s  of s h o r t e r  wavelength. A PbS c e l l  cooled w i t h  l i q u i d  n i t rogen  was 
used as the  d e t e c t o r .  It w a s  not necessary t o  cool t he  d e t e c t o r  below dry 
i c e  temperature f o r  ope ra t ion  i n  t h i s  wavelength region, but  the dewar w a s  
designed t o  hold the  l i q u i d  n i t rogen  f o r  use a t  longer wavelengths. Cool- 
i ng  by l i q u i d  n i t rogen  was, therefore ,  more convenient and was used s i n c e  
t h e  s igna l - to -no i se  r a t i o  w a s  approximately the  same a t  both temperatures. 
The. 
The spectrometer i s  "home made" and was contained in a tank which could 
be evacuated t o  e s s e n t i a l l y  e l iminate  abso rp t ion  due t o  atmospheric gases 
o u t s i d e  of the abso rp t ion  c e l l .  The spectrometer tank, as w e l l  a s  another 
tank containing the  r a d i a t i o n  source and chopper, w e r e  connected t o  the 
abso rp t ion  c e l l  by means of f l e x i b l e  bellows so t h a t  a l l  of t h e  o p t i c a l  
p a t h  e x t e r n a l  t o  t h e  abso rp t ion  c e l l  could be evacuated. 
Three d i f f e r e n t  r e s o l u t i o n  schedules were used i n  r eco rd ing  t h e  spec t r a :  
t h e  approximate s p e c t r a l  s l i t w i d t h s  for  each schedule a t  t h r e e  d i f f e r e n t  
wavenumbers a r e  given i n  Table 2-1. 
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TABLE 2-1  
RESOLUTION SCHEDULES 
V 
-1 
(cm 
S p e c t r a l  S l i t w i d t h  (cm-l) 
S c hedul e Schedule Schedule 
A B C 
0.78 
0.88 
0.97 
5900 
6 200 
6 500 
0.49 
0.55 
0.61 
1.07 
1 . 2 2  
1.35 
Resolution Schedule A was used i n  a few reg ions  of t h e  spectrum t o  
r e so lve  c lose ly  spaced l i n e s ;  bu t  because of t h e  small  s i g n a l  a v a i l a b l e  
while using t h i s  schedule, considerable  time w a s  r equ i r ed  t o  scan even 
a s h o r t  spectrum. Therefore,  B, which r e p r e s e n t s  a compromise between 
r e s o l u t i o n  and scanning time, w a s  used f o r  t h e  ma jo r i ty  of t h e  da t a .  
Schedule C w a s  used f o r  some s p e c t r a  of samples a t  s e v e r a l  (32)  passes  
of t he  absorpt ion c e l l  f o r  which the s i g n a l  w a s  low. The schedule used 
f o r  each spectrum i s  l i s t e d  i n  Table 3-2. 
C 0 2  and CH4 l i n e s  whose p o s i t i o n s  a r e  wel l  known, o r  could be ca l cu la t ed ,  
were used for  the wavenumber c a l i b r a t i o n  of t h e  s e c t r a .  The c a l i b r a t i o n  
l i n e s  a r e  separated by an average of about 10 cm-', which i s  s u f f i c i e n t l y  
c l o s e  t h a t  t h e  spectrum could be assumed t o  be l i n e a r  between them. A l l  
the  l i n e s  used f o r  c a l i b r a t i o n  between 5800 and 6600 cm" a r e  l i s t e d  i n  
Table 3 - 3  , and t h e i r  p o s i t i o n s  a r e  shown on t h e  s e c t r a  i n  S e c t i o n  3. 
The c a l i b r a t i o n  l i n e s  used between 5500 and 5700 cm-' a r e  shown i n  F i g .  3-1. 
Background curves were obtained with the  abso rp t ion  c e l l  evacuated f o r  
each number of passes  f o r  which sample s p e c t r a  were obtained.  The back- 
groundcurveswre d i f f e r e n t  f o r  d i f f e r e n t  numbers of passes  s i n c e  t h e  
r e f l e c t i v i t y  of the m i r r o r s  i n  the  mul t ip l e -pass  o p t i c s  v a r i e s  w i t h  
wavenumber. The appropr i a t e  background curve,  which r e p r e s e n t s  100 per-  
cent transmittance,  was then f i t t e d  t o  each spectrum and t r aced  on i t .  
A l l  t he  sample s p e c t r a  extended beyond t h e  r eg ion  of abso rp t ion  on bo th  
ends of the band so  t h a t  dependable " t i e - p o i n t s "  between a spectrum and 
i t s  background could be e s t a b l i s h e d .  The t r ansmi t t ance  was determined 
from the r a t i o  of t he  d e f l e c t i o n  of t he  sample spectrum t o  t h a t  of the 
background curve a t  t h e  same wavenumber. 
Each spectrum was examined and compared w i t h  o t h e r s  as a check f o r  
consistency. Small changes were made t o  account f o r  H20 abso rp t ion .  
The co r rec t ions  could be made reasonably a c c u r a t e l y  by comparing the 
2-4 
spectra with those of H 2 0  + N2 samples at the proper path lengths and 
pressures. The corrected spectra were then replotted and are shown in 
Section 3 .  As each spectrum was being replotted, pairs of values re- 
lated to transmittance and wavenumber were punched on IBM cards which 
served as input for a computer program used to calculate transmittance 
and integrated absorptance as a function of wavenumber. 
I 
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SECTION 3 
DISCUSSION OF ABSORPTION BANDS 
i 
t 
3.1 IDENTIFICATION AND FEATURES OF THE ABSORPTION BANDS 
A l l  of t he  CO bands which one might expect t o  produce apprec i ab le  
abso rp t ion  i n  t h e  r e g i o n  from 5400 t o  6600 c m - I  are l i s t e d  i n  Table 3-1. 
The p o s i t i o n s  of t h e  band c e n t e r s  of most cf  t h e  bands a r e  taken from 
Courtoy,2 while  c e n t e r s  of t h e  o t h e r s  were c a l c u l a t e d  from energy l e v e l s  
t abu la t ed  by S t u l l ,  Wyatt and P la s s .8  
t h e  lower l e v e l  i s  omitted when it  i s  OOOO. 
weak bands i n  t h i s  region,  p a r t i c u l a r l y  some from t r a n s i t i o n s  from higher  
energy l e v e l s ,  which could be observed wi th  b e t t e r  r e s o l u t i o n  and long 
paths .  However, t h e i r  c o n t r i b u t i o n  i s  c e r t a i n l y  s m a l l  a t  room temperature 
o r  below. The bands l i s t e d  a r e  l imited t o  those observed by Courtoy 
p l u s  those  we observed and w e r e  a b l e  t o  i d e n t i f y  wi th  reasonable  c e r t a i n t y .  
2 
I n  t h e  n o t a t i o n  f o r  t h e  t r a n s i t i o n s  
There are probably o t h e r  very 
2 
With t h e  except ion of f i v e  of t h e  weaker bands l i s t e d ,  a l l  those i n  t h i s  
r eg ion  ar ise  from t r a n s i t i o n s  i n  which t h e r e  is a change of one i n  v 
t h e  quantum number a s s o c i a t e d  w i t h  v3 (bv3 = 1). 
v1 = 2 > ~ ~ ,  a l l  bands f o r  which 2Avl + @v2 is constant  occur c l o s e  t o  
each o t h e r  i f  Av3 is t h e  same. 
i n  Table 3-1 having @v3 = 1. 
s l i g h t l y  l a r g e r ,  t h e  bands having the l a r g e s t  change i n  VI occur a t  
s l i g h t l y  higher  f requencies .  v1 = 1388.2 and v2 = 667.4  f o r  C 12 O 2  16 . 
3’ Since f o r  C02, 
Y 
2Avl+ Av2 = 6 f o r  a l l  t h e  bands l i s t e d  
Since v1 is  not  exac t ly  equal t o  2v2, b u t  
3-1 
TABLE 3-1 
C 0 2  BANDS BETWEEN 5500 and 6600 cm-' 
Band 
-1 cm 
Center Trans i t  ion Spec ies  
5584. 28a 00 '3-1 0'0 1 2 ,  16, 16b 
5687 .05a 00'3-0 2'0 1 2 ,  16, 16 
5857. 5ga 02z2 1 2 ,  16, 18  
5951.53 06 1 13, 16, 16 
10°2 12, 16, 18  
0 7; 1-0 1 '0 1 2 ,  16, 16 6020.75 
06 1 1 2 ,  16, 16 6075.93 
5959. 57a 
6088.16 1 511-0110 
6119.56 14' 1 
6196.12 1511+-0110 
6227.88 14'1 
6241.93 2 2 O 1  
13, 16, 16 
13, 16, 16 
1 2 ,  16, 16 
12,  16, 16 
13, 16, 16 
6243.54 2 3' 1-0 1 ' 0  13, 16, 16 
6308.15 24°1+0200 12, 16, 16 
6347.81 2 2 O 1  12, 16, 16 
6356.25 23 1-0 1 ' 0  1 2 ,  16, 16 
6363.58 30'1 13, 16, 16 
6397.51 3 1 il-0 1 ' 0  13, 16, 16 
30 1 12, 16, 16 6503.05 
12, 16, 16 6536.43, 3 1' 1-0 1 '0 
03l2  1 2 ,  16, 16 6538.03 
a 
To the  knowledge of t he  au thors ,  t hese  bands have 
not  been observed previous ly ;  band c e n t e r s  w e r e  
ca l cu la t ed  from energy l e v e l s  t abu la t ed  by S t u l l ,  
Wyatt and P l a s s .  8 
2 a r e  taken from Courtoy. 
Centers  f o r  a l l  o t h e r  bands 
bNumbers r ep resen t  i so topes  of C, 0, and 0, 
r e spec t ive ly .  
I 
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Because of anharmonicity, a combination o r  fundamental band u s u a l l y  
occurs a t  a s l i g h t l y  higher  wavenumber than  i t s  a s s o c i a t e d  d i f f e r e n c e  
band which a r i s e s  from a t r a n s i t i o n  from an exc i t ed  s t a t e  w i t h  t h e  
changes i n  a l l  t h r e e  quantum numbers the  same. However, t h e  d i sp lace -  
ment of t he  bands v a r i e s  from one band t o  ano the r ,  depending on Fermi 
resonance. It can be seen t h a t  t h e  30°1 and 22'1 bands occur a t  lower 
wavenumbers than  t h e i r  a s s o c i a t e d  d i f f e r e n c e  bands a r i s i n g  from t r a n s i -  
t i o n s  from t h e  0l1O s t a t e .  
oppos i t e  i s  t r u e  f o r  t h e  14'1 and 06'1 bands. 
The 02'2 and 10°2 bands of C12016018 a r e  f o r b  den 
00°3+ 10°O and t h e  00°3c0200 bands occur near  each o t h e r  s i n c e  t h e  upper 
l e v e l  i s  comnon and 2Av A r e p l o t t e d  
spectrum of t h e s e  bands i s  shown i n  Figure 3-1; i t  was recorded f o r  t h e  
l a r g e s t  sample s tud ied .  
-1 A r e p l o t t e d  spectrum of t h e  r eg ion  from approximately 5800 t o  6600 c m  
i s  shown i n  Figure 3-2 f o r  t h e  same sample. The p o s i t i o n s  of t h e  c e n t e r s  
of many of t h e  bands are i n d i c a t e d .  
samples a r e  shown i n  Figures  3-3 Ehrcugh 3-6 and 3-7 through 3-10 f o r  t h e  
s p e c t r a l  regions 5900 to 6275 cm- 
The numbers appearing i n  r e c t a n g l e s  a r e  t h e  numbers ass igned t o  t h e  
samples which a r e  descr ibed i n  Table 3-2, t h e  t a b l e  of sample parameters.  
However, a s  more f r equen t ly  occurs ,  t h e  
120216; but  
t hey  appear because of t h e  asymmetry of t h e  C i!l 0l6O f "moClecule. The 
+ Av2 i s  t h e  same f o r  both bands. 1 
Spectra  of t h e  remainder of t h e  
and 6275 t o  6600 crn-l, r e s p e c t i v e l y .  
The o t h e r  numbers appearing i n  some of t h e  s p e c t r a  r e f e r  t o  t h e  l i n e s  
used i n  t h e  wavenumber c a l i b r a t i o n .  The p o s i t i o n s  of t h e s e  l i n e s  a r e  
given i n  Table 3-3. 
P o r t i o n s  of t h e  s p e c t r a  of some of t he  samples f o r  which t h e  abso rp t ion  
A(v) w a s  ve ry  small have been omitted. 
t o  conserve space,  and no attempt was made t o  put them i n  any p a r t i c u l a r  
o r d e r .  
The s p e c t r a  were "nested" i n  o rde r  
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F I G U R E  3-1 SPECTRUM OF THE OO"3-02"O AND 0 0 " 3 ~ 1 0 " 0  BANDS FOR SAMPLE 1 
T N  THE R E G I O N  BETWEEN 5450 AND 5710 cm-1. 
The l i n e s  t h a t  a r e  numbered were  used  i n  c a l i b r a t i o n  and t h e i r  
wavenumber posi;ions ( c m - l )  are; 
1 5507.8 (H20) 6 5571.7 11 5621.6 (H,O) 16 5672.3 
2 5541.8 7 5581.1 1 2  5641.1 1 7  5580.3 
3 5550.2 8 5590.5 13 5649.8 18 5685.5 
19 5692.0 4 5558.1 9 5632.8 (B20) 14 5658.1 
5 5565.2 10 5614.0 (H20) 15  5665.5 
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Table 3-2 
SAMPLE PARAMETERS 
'e P P P 'e Sam. P 
No. 
t o r r  t o r r  t o r r  atm atm atm 
1 
2 
3 
4 
5 
6 
7 
7 -4. 
h 
0 
10 
11 
L !  
1 'i 
1 4 :: 
L5 
! h  
1 7  
1 F  
1 9  
2 0 
2 1  
>! 3 
2.4 
25 
26 
27 
2 8% 
3 7  
L L  
1 900 
1 ) 010 
1,920 
1,900 
1,522 
760 
760 
760 
7,600 
7.600 
7 ) 600 
7,600 
175 
1 7 5  
175 
88 
5tj. 5 
58.5 
58.5 
29.4 
11, LOO 
506 
506 
17.8 
17.8 
17.8 
165 
165 
165 
1,083 
1,900 
1,920 
1,920 
1,900 
1,522 
760 
760 
760 
7,600 
7,600 
7,600 
7 600 
7 0 7  
175 
175 
88 
743 
2 1 2  
11,100 
58.5 
29.4 
9,800 
506 
223 
7 2  
17.8 
9,800 
7 10 
16 5 
1,083 
2,500 
2,520 
2,520 
2,500 
I, 995 
992 
992 
992 
15,500 
10.30: 
10,303 
10,3::Ci 
10 ,3?0  
759 
228 
228 
114 
76 1 
230 
76.1 
38.2 
9,960 
6 59 
228 
77.3 
23.1 
9,850 
760 
214 
1,410 
2.50 
2.53 
2.53 
2.50 
2.00 
1.000 
1 .ooo 
1.000 
14.6 
10.00 
10.00 
10.00 
10.00 
0.230 
0.230 
0.230 
0.116 
0.0770 
0.0770 
0.0770 
0.0387 
0.665 
0.665 
0.0234 
0.0234 
0.0234 
0.217 
0.217 
0.217 
1.43 
2.50 
2.53 
2.53 
2.50 
2.00 
1.000 
1. coo 
1.000 
14.6 
10.00 
10.00 
10.00 
10.00 
0.930 
0.230 
0.230 
0.116 
0.977 
0.279 
0.0770 
0.0387 
12.9 
0.665 
0.293 
0.0946 
0.0234 
12.9 
0.934 
0.217 
1.43 
3.29 
3.32 
3.32 
3.29 
2.62 
1.31 
1.31 
1.31 
20.3 
13.6 
13.6 
13.6 
13.6 
0.999 
0.300 
0.300 
0.150 
1 .a01 
0.333 
0.1001 
0.0503 
13.1 
0.865 
0.300 
0.102 
0.0304 
13 .O 
1 .ooo 
0.283 
1.86 
.L 
These spec t r a  were obtained wi th  higher  r e s o l u t i o n  f o r  c a l i b r a t i o n  
purposes.  No c a l c u l a t i o n s  were made fo r  t h e  t r ansmi t t ance  and 
i n t e g r a l  t ab les .  
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Table 3-2 (Cont'd) 
Sam. L u Res. 
No. Path  atm c m  Sch.  
S TP 
m 
1 
2 
3 
4 
5 
6 
7 
7 >: 
8 
9 
10 
11 
1 2  
13  
14 
14* 
1 5  
16 
1 7  
18 
19 
20 
2 1  
2 2  
23 
24 
25 
26 
27 
2 8;: 
93 3 
46 9 
237 
1 2 1  
46 9 
933 
237 
237 
32.9 
32 .9  
16.5 
8.26 
4.16 
46 9 
46 9 
46 9 
933 
46 9 
46 9 
46 9 
933 
16.5 
1.6.5 
46 9 
46 9 
46 9 
16.5 
16.5 
16.5 
237 
217,000 
55,700 
28,000 
87,100 
86,200 
21,900 
21,900 
47,300 
31,600 
15,900 
7,930 
3,990 
9,940 
9,940 
9,940 
9,940 
3,320 
3,320 
3,320 
3,320 
110,000 
1,010 
1,010 
1,010 
1,010 
1,010 
3 30 
330 
330 
31,300 
B 
B 
B 
B 
B 
B 
B 
A 
B 
B 
B 
B 
B 
B 
B 
A 
C 
B 
B 
B 
C 
B 
B 
B 
B 
B 
B 
B 
B 
A 
Pages on which s p e c t r a  appear 
6600- 6275- 
6275 5900 
-1 - 1  
3- 5 
3- 13 
3- 13 
3- 13 
3- 10 
3- 10 
3- 10 
3- 12 
3-11 
3-11 
3- 11 
3- 11 
3- 11 
3-11 
3-12 
3- 10 
3-12 
3-12 
3- 13 
3- 13 
3- 13 
3- 10 
3- 10 
3- 10 
3- 11 
3- 11 
3-11 
3- 12  
3- 12 
3- 5 
3-6 
3-6 
3-6 
3-7 
3-7 
3-7 
3-9 
3-9 
3-9 
3-9 
3-9 
3-9 
3- 8 
3-8 
3- 8 
3-6 
3-6 
3- 6 
3-7 
3-7 
3- 7 
3-9 
3-9 
3-9 
3-8 
3-8 
3-8 
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Tabla? 3-3 
CALIBRATION LINES BETWEEN 5800 AND 6600 cm" . 
v 
-1 Line  
V 
-1 Line 
L 
No. c m  No. c m  No. c m  -1 
L i n e  
1 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13  
14  
1 5  
16 
1 7  
18 
19  
20 
c) I
5891.3 M 
5903.3 M 
5915.1 M 
5926.5 M 
5938.1 M 
5949.5 M 
5960.8 M 
5972.1 M 
5983.1 M 
5987.5 
5996.4 
6004.7 
6014.4 
6029.5 
6038.9 
6047.8 
6056.5 
6066.4 
6074.4 
6081.3 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
3 2  
33 
34 
35 
36 
37 
38 
39 
40 
6090.2 
6100.1 
6107.9 
6121.9 
6132.0 
6141.1 
6149.1 
6160.2 
6168.3 
6175.8 
6189.0 
6197.4 
6207.2 
6218.1 
6226.3 
6237.4 
6247.4 
6256.4 
6293 .O 
6302.1 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
6313.0 
6323.1 
6334.4 
6344.6 
6354.5 
6364.9 
6373.4 
6460.9 
6472.3 
6483 1 
6493.4 
6499.9 
6506.9 
6517 .O 
6525.1 
6537.0 
6547.9 
6558.6 
The c a l i b r a t i o n  l i n e s  designated w i t h  an  M are CH4 l i n e s  
whose wavenumbers a r e  taken from Mohler.' The remaining 
l i n e s  a r e  CO 
M 
wi th  wavenumbers t aken  from Courtoy. 2 2 
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3.2 BAND STRENGTHS 
The s t r e n g t h ,  o r  i n t e n s i t y ,  of an absorp t ion  band is given by 
sV = sK(v)dv, (3-1) 
where t h e  i n t e g r a t i o n  is  performed over a l l  v f o r  which t h e r e  i s  appre- 
c i a b l e  absorp t ion .  K(v), t h e  absorp t ion  c o e f f i c i e n t ,  i s  def ined i n  terms 
of T ' (v) ,  t h e  t r u e  t r ansmi t t ance  which would be observed wi th  i n f i n i t e  
r e s o l v i n g  power, by 
TI(v)  = exp c - u K(v) , o r  - . tLT ' (v )  = u K(v). (3-2) 
Of course,  i f  more than one band con t r ibu te s  t o  t h e  abso rp t ion  a t  a 
given wavenumber, K(v) used i n  Equation (3-1) must i nc lude  only t h e  
p o r t i o n  due t o  t h e  band whose s t r e n g t h  i s  being determined. The method 
used t o  e s t ima te  t h e  con t r ibu t ions  of each band i n  overlapping reg ions  
i s  descr ibed  below. 
The s t r e n g t h s  of t he  bands included in  t h i s  r e p o r t  a r e  e s s e n t i a l l y  
independent of p re s su re  over t h e  range of p re s su res  used. However, a s  
t h e  p re s su re  i s  increased  t h e  l i n e s  a re  broadened u n t i l  a t  14.6 atm., 
t h e  maximum pres su re  used, t h e  half-widths  a r e  of t h e  o rde r  of 1 t o  
1 . 5  cm-l, which i s  less than  t h e  s p e c t r a l  s l i t w i d t h  used i n  ob ta in ing  
most of t h e  s p e c t r a .  Consequently, the  observed t r ansmi t t ance  T(v) 
i s  very  nea r ly  t h e  t r u e  t ransmi t rance  T ' (v) .  By equat ing  these  two 
q u a n t i t i e s  and combining Equations (3-1)  and (3-2), w e  o b t a i n  
(3 -3 )  
Equat ion (3-3) w a s  used t o  determine t h e  s t r e n g t h s  of t h e  s t ronge r  bands 
l i s t e d  i n  Table 3-1 from s p e c t r a  of samples a t  p re s su res  g r e a t e r  than 
about 10 atmospheres. A t  t hese  pressures ,  T(v) T ' (v)  and Equation (3-3) 
can be used,provided T(v) i s  not  too  small, i n  which case t h e  i n t e g r a l  
g e t s  very l a rge .  Of course,  t h e  measurements cannot be made very ac- 
c u r a t e l y  from s p e c t r a  i n  which A(v) 1 - T(v) i s  too  small  because of 
t h e  l a r g e  u n c e r t a i n t y  a r i s i n g  from noise  o r  misplacement of t h e  background 
curve.  When poss ib l e ,  s p e c t r a  were 
chosen so t h a t  0.3 
p o s s i b l e  t o  use samples wi th  s u f f i c i e n t l y  l a r g e  absorber  th ickness  i n  
t h e  s h o r t e r  abso rp t ion  c e l l  t o  produce more than  a few percent  absorp- 
t ance  by t h e  very weak bands. Therefore,  t h e  s t r e n g t h s  of t hese  bands 
were n e c e s s a r i l y  determined from spec t r a  of samples contained i n  t h e  
longer  absorp t ion  c e l l ,  a l though i t s  maximum pres su re  is 2 . 5  atmospheres. 
For small  A(v), - k T ( v )  2 A(v). 
T(v) 5 0.9 over most of t he  band. It was not  
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A t  t h i s  pressure T ' ( v )  m y  be q u i t e  d i f f e r e n t  from T ( v ) ;  bu t  Equation (3-3) 
can s t i l l  be used, provided A(v) i s  smal l .  A d i scuss ion  of t h e  l i m i t a t i o n s  
of Eqliation (3-3) when dea l ing  with samples a t  r e l a t i v e l y  low p res su res  i s  
given i n  Reference 5. 
For CtC bands (quantum number i=  0 )  of CO 
l i n e  wi th in  a band i s  r e l a t e d  t o  t h e  band s t r e n g t h  S by 
t h e  s t r e n g t h  S of a given 2' m 
V 
m = J + 1 fo r  t he  R-branch and -J f o r  t h e  P-branch. B" i s  t h e  r o t a t i o n a l  
constant  of t he  lower s t a t e ,  1c i s  Boltzmann's cons t an t ,  8 i s  t h e  tempera- 
t u r e ,  and Qr i s  t h e  r o t a t i o n a l  p a r t i t i o n  func t ion .  The Q-branch i s  m i s s -  
ing i n  C C C  bands, and con ta ins  only about one percent  of t h e  s t r e n g t h  of 
R c l I  bands ( e =  1 a s  i n  1511c0110) .  
of l i n e s  i n  the  P- and R-branches of n f - n  bands.  Gray and Selvidge have 
t abu la t ed  values  of p a r t i t i o n  func t ions  and r e l a t i v e  l i n e  s t r e n g t h s  f o r  
d i f f e r e n t  types of CO bands a t  s e v e r a l  t empera tures .  
According t o  quantum theory", t h e  r e l a t i v e  s t r e n g t h  of a d i f f e r e n c e  
band v , v  +11,v3<- 0,l1O t o  i t s  a s soc ia t ed  summation band v1,v20,v3 i s  
g iven  i y  
Equation (3-4) a l s o  g ives  the lg t rengths  
2 
2 
v (v 1 2  , v  +11'V3t01'0) = 2 exp (-hc 667.4/1&) 
= 0.078 f o r  8 = 296'K. 
sv (vl, v j ,  v 3 )  
(3- 5 )  
h i s  Planck 's  cons tan t ,  c i s  t h e  speed of l i g h t ,  and t h e  f a c t o r  2 a r i ses  
from t h e  double degeneracy of t h e  0l1O s t a t e .  
between energy l e v e l s  01'0 and 00'0. 
667.4 cm" i s  t h e  d i f f e r e n c e  
Equation (3-5) a l s o  r e l a t e s  t h e  s t r e n g t h  of any d i f f e r e n c e  band t o  i t s  
a s soc ia t ed  summation o r  fundamental band i f  t h e  proper  degeneracy f a c t o r  
i s  used and 667.4 i s  rep laced  by t h e  d i f f e r e n c e  between t h e  energy l e v e l  
00'0 and t h e  lower l e v e l  f o r  t h e  d i f f e r e n c e  band. 
The s t r eng ths  of s e v e r a l  of t h e  bands i n  t h i s  r e g i o n  a re  g iven  i n  Table  3-4. 
From Equations (2-1) and (3-3) ,  we see t h a t  t h e  u n i t s  of band s t r e n g t h  
a r e  atm'l cm'l 
and not  t o  the'cfzmperature a t  which t h e  measurement w a s  made. 
ments were a t  room temperature  near  296OK. 
cm-', wi th  t h e  STP r e f e r r i n g  t o  t h e  absorber  t h i ckness  
A l l  measure- 
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The s t r eng ths  of t h e  0O03c1Oo0 and 0O03+ 02'0 bands were determined 
from the  spectrum shown i n  Figure 3-1. There were a few H20 l i n e s  i n  
t h e  reg ion  of t h e  00 36-10 0 band i n  t h e  o r i g i n a l  spectrum because of 
t h e  t r a c e  of H 0 impuri ty  i n  t h e  sample. 
account f o r  the H 0 before  i t  was r e p l o t t e d  and d i g i t i z e d .  Poss ib l e  
e r r o r s  i n  accounting f o r  t h e  H 0 absorp t ion  inc rease  t h e  unce r t a in ty  i n  
absorptance in  the  P-branch of t h e s e  bands i s  smaller than  i n  t h e  R-branch, 
and s ince  i t  i s  more d i f f i c u l t  t o  determine t h e  wavenumber beyond which 
the re  i s  s i g n i f i c a n t  absorp t ion ,  t h e  unce r t a in ty  i n  t h e  measurements of 
t h e  P-branch i s  g r e a t e r  than  i n  t h e  R-branch. 
The 02'2 band of C12016018 appears  i n  a reg ion  which is  f r e e  of absorp t ion  
by o ther  bands and i t s  s t r e n g t h  could be determined al though i t  i s  much 
weaker than  some of t h e  o the r  bands. The va lue  g iven  i s  based on t h e  
absorber  thickness  of t h e  sample conta in ing  a l l  t h e  i so topes  of C and 0 .  
I f  we assume t h a t  t h e  sample contained t h e  n a t u r a l  abundance (0.20%) of 
0 l8 ,  t h e  s t r e n  t h  should be mul t ip l i ed  by 500 t o  apply t o  a s a m p l e  corn- 
posed O F  C1201 0 l 8  molecules only .  
.iientionc,J i n  t h e  previous paragraph, t h e  unce r t a in ty  i n  t h e  measurement 
,,f t h e  P-branch was g r e a t e r  than  t h a t  i n  t h e  R-branch. The unce r t a in ty  
i s  a l s o  r e l a t i v e l y  high because of t h e  smal l  absorptance by even t h e  
lLxrg ts t  samples. 
0 0 
The spectrum was modified t o  2 
2 
t h e  measurement of t h e  s t r e n g t  4 s by a few pe rcen t .  S ince  t h e  average 
% A s  was t h e  case  f o r  t h e  two bands 
By summing the  s t r e n g t h s  given by Equation (3-4) f o r  a l l  t h e  l i n e s  i n  
t h e  P- and R-branches, we s e e  t h a t  approximately 48% of t h e  s t r e n g t h  i s  
i n  the  P-branch and 52% i n  t h e  R-branch. We see t h a t  t h i s  ag rees ,  w i t h i n  
cxpcrimcntnl e r r o r ,  with the  r e s u l t s  l i s t e d  i n  Table 3-4. Resul t s  of 
iiit~asiirerncnts given i n  previous r e p o r t s 4 ,  
o i  t h i s  r a t i o  of s t r eng th  between t h e  two branches CC C bands.  
Port ions o f  the 06'1 band of Cl20 l6 a r e  overlapped by l i n e s  of i t s  
a s soc ia t cd  
bands of C" 0216; t h e r e f o r e ,  i t  was not  p o s s i b l e  t o  determine t h e  s t r e n g t h  
brr mcrcly in t eg ra t ing  - J?I~(TV> over t h e  r eg ion  covered by t h e  band. In  
c)rdcr t o  account f o r  t he  0 7 1 1 t 0 1 1 0  band, w e  assumed t h a t  i t s  s t r e n g t h  
was r e l a t e d  t o  t h a t  of i t s  a s s o c i a t e d  summation band by Equation (3-5).  
We f u r t h e r  assumed t h a t  t h e  s t r e n g t h  of each of t h e  l i n e s  w i t h i n  t h i s  band 
was given by Equation (3-4) and c a l c u l a t e d  t h e  c o n t r i b u t i o n  of t hose  
w i t h i  t h e  region of i n t e g r a t i o n .  
C1302p6 was small  and was c a l c u l a t e d  by assuming t h a t  t h e i r  s t r e n g t h s  
wcrc r e l a t e d  t o  the  s t r e n g t h s  of t h e  same bands of C l 2 0 2 l 6  band by t h e  
r a t i o  of t h e  r e l a t i v e  abundances of C 1 3  and C 1 2  (1,l:lOO). 
The K-branch of t h e  14'1 band i s  e s s e n t i a l l y  i s o l a t e d  from o the r  bands; 
thus  i t s  s t r eng th  could be determined wi th  r e l a t i v e l y  good accuracy.  
order  t o  c a l c u l a t e  t he  s t r e n g t h  of t h e  P-branch, t h e  same technique  was 
used t o  account f o r  t h e  c o n t r i b u t i o n  of t h e  1511 t0110  band as w a s  used 
by us tend t o  confirm t h e  v a l i d i t y  
i f f e rence  band 07ll- 6110 as w e l l  as 14'1 and '1511+0110 
The c o n t r i b u t i o n  of t h e  two bands of 
I n  
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f o r  t h e  06'1 band. 
small  amount of abso rp t ion  by t h e  weaker bands which overlap t h e  22'1 
band. 
The same technique was a l s o  used t o  account f o r  t h e  
Only a small c o r r e c t i o n  w a s  r equ i r ed  t o  account f o r  t h e  abso rp t ion  by 
weak bands overlapping t h e  P-branch of t h e  30'1 band. 
R-branch of t h i s  band i s  overlapped by t h e  03 l2  and t h e  3111 t0110  bands. 
The c o n t r i b u t i o n  of t h e  3111t0110 band could be c a l c u l a t e d  by t h e  use 
of Equation (3-5); but  without  s p e c t r a  i n  which t h e  r e s o l u t i o n  w a s  s u f f i -  
c i e n t l y  good t o  r e so lve  t h e  l i n e s  of t h e  03'2 band, i t s  c o n t r i b u t i o n  
would be d i f f i c u l t  t o  determine. Therefore, t h e  s t r e n g t h  of t h e  R-branch 
of t h e  30'1 band which is  given i n  Table 3-4 w a s  not determined d i r e c t l y  
from t h e  s p e c t r a .  
s t r e n g t h  of t h e  R-branch t o  t h e  P-branch (52/48) mentioned above i s  v a l i d .  
However, t h e  
It w a s  obtained by assuming t h a t  t h e  r a t i o  of t h e  
By using more s o p h i s t i c a t e d  techniques and by making use of s p e c t r a  having 
considerably b e t t e r  r e s o l u t i o n ,  i t  would be p o s s i b l e  t o  determine t h e  
s t r e n g t h s  of more of t h e  bands i n  t h i s  region.  However, we have d e t e r -  
mined t h e  s t r e n g t h s  of t h e  more important ones which produce a very l a r g e  
percentage of t h e  abso rp t ion  i n  t h i s  region.  
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SECTION 4 
TABLE OF TRANSMITTANCES 
Table 4 -1  c o n s i s t s  of va lues  of t ransmit tance,  i n  percent  recorded a t  
i n t e r v a l s  of 0 .2  cm-1 i n  t h e  region from 5814 t o  6604 cm- . 
The i n t e r v a l  is s u f f i c i e n t l y  small tha t  an o r i g i n a l  spectrum could be 
approximated very c l o s e l y  by p l o t t i n g  the  t a b u l a t e d  va lues  and j o i n i n g  
t h e  p o i n t s  with s t r a i g h t  l i n e s .  The f i r s t  column g i v e s  t h e  wavenumber 
i n  cm'l, and the  second g i v e s  t h e  corresponding wavelength i n  microns. 
The t a b l e s  were made by photographing a p o r t i o n  of t h e  computer output 
which w a s  obtained from t h e  s p e c t r a  by t h e  technique descr ibed i n  Appendix 
C of r e fe rence  4 .  
1 
The C02 p a r t i a l  p re s su re  p, t he  equivalent p re s su re  Pe and t h e  absorber  
t h i c k n e s s  u a r e  shown a t  t h e  top  of the column corresponding t o  each 
sample. 
i n  t h e  s p e c t r a  i n  Sec t ion  3 .  
m e  samples a r e  designated by t h e  same numbers as Table 3-2 and 
Values a r e  no t  t abu la t ed  over regions of small, but observable ,  absorptance 
(T 1) f o r  some of t h e  samples. The t r ansmi t t ance  is  probably g r e a t e r  
t han  0.98 o r  0.99 f o r  even t h e  l a r g e s t  sample (No. 1) a t  a l l  wavenumbers 
between 5400 and 6600 cm-l not  shawing abso rp t ion  i n  e i t h e r  Figure 3-1 
o r  3-2 .  
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SECTION 5 
TABLE OF INTEGRATED ABSORPTANCE 
Values of t h e  in t eg ra t ed  absorptance over t h e  r eg ion  from 5814 t o  6582 c m - l  
a r e  presented i n  Table 5-1 f o r  t h e  samples l i s t e d  i n  Table 3 - 2 .  The 
i n t e g r a l s  were ca l cu la t ed  from t h e  t ransmit tance t a b l e s  i n  Sect ion 4 by 
assuming a spectrum could be constructed by p l o t t i n g  t h e  t r ansmi t t ance  
values  and jo in ing  them with s t r a i g h t  l i n e s .  The important sample para- 
meters a r e  l i s t e d  a t  t h e  top of each column corresponding t o  a given 
sample. 
The lower l i m i t  of i n t e g r a t i o n  v ' ,  which i s  shown a t  t h e  top of each 
column, w a s  chosen a t  a point  where the re  w a s  very l i t t l e ,  i f  any, ab- 
s o r p t i o n .  w '  is  d i f f e r e n t  f o r  some samples than f o r  o t h e r s ,  s i n c e  t h e  
i n t e g r a t i o n  was no t  performed over some of t h e  regions of small abso rp t ion .  
The abso rp t ion  by small samples i s  n e g l i g i b l e  i n  some regions where it  i s  
important f o r  l a r g e  samples. 
I n  r eg ions  where t h e  s t r u c t u r e  i n  t h e  spec t r a  i s  r e g u l a r ,  t h e  in t eg ra t ed  
absorptance w a s  c a l c u l a t e d  a t  wavenumbers midway between t h e  l i n e  c e n t e r s .  
Thus,  i n  t h e  case  of no overlapping, the d i f f e r e n c e  between two successive 
t a b u l a t e d  values  i s  the equivalent  width of t h e  abso rp t ion  l i n e  i n  t h e  
i n t e r v a l .  I n  Some o t h e r  regions where t h e  s t r u c t u r e  w a s  not p a r t i c u l a r l y  
r e g u l a r ,  t h e  in t eg ra t ed  absorptance was c a l c u l a t e d  a t  wavenumbers corres-  
ponding t o  absorptance minima. 
l i t t l e  s t r u c t u r e  o r  where t h e  absorptance minima would s h i f t  a s  t h e  p re s su re  
o r  abso rbe r  t h i ckness  w a s  changed, the values  were c a l c u l a t e d  a t  i n t e g r a l  
wavenumbers, o r  poss ib ly  a t  i n t e g r a l  half-wavenumbers, depending on t h e  
amoiint of information one might expect t o  ob ta in  from c l o s e r  readings.  
I n  s t i l l  other  regions where t h e r e  w a s  but 
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0.003 
0.015 
0 . 0 1 4  
O . O b ?  
0.095 
0.133 
0.211 
0.253 
0.3114 
U.3b) 
0.476 
0 . 5 9 2  
0.74? 
0 . 8 9 3  
0.943 
1.005 
1 . 0 7 )  
1 . 1 6 1  
1.239 
1 . 3 3 1  
1 . 4 3 3  
1 . 5 5 1  
1.701 
1.150 
2.0?3 
2 . 1 9 5  
2.333 
2.501 
2.735 
2.901 
3.051 
3.*6) 
3 . 5 8 1  
4.101 
4.375 
4.b31 
4.905 
5.233 
5.561 
8.257 
b.651 
7.091 
7.582 
11.121 
8.751 
0.41) 
:0.157 
:o.v.1 
11.787 
12.672 
13.b1) 
1 4 . 5 0 7  
15.455 
:6.397 
J . n ? j  
5 . ~ 9 3  
17.21) 
1 8 . 0 3 5  
1 8 . 7 8 1  
19.431 
10.563 
20.922 
19.9ni 
21.35) 
21.901 
2Z.b9? 
23.492 
? 1 . 3 7 4  
?5.295 
2b.172 
27.134 
28.003 
71.9b1 
2 9 . 1 2 1  
30.b37 
3 1 . 4 1 ?  
32.115 
V ' S 3 0 f  
C I  
0. 
0 .  
0 .  . 
U .  
U . 0 0 3  
U.021 
u.039 
fl .05f 
0.151 
0.120 
11.135 
11.146 
C.162 
0.235 
18.291 
0 . 3 5 .  
U.381 
8.41b 
0 . 4 4 0  
U . * b 4  
0.561 
0.bb5 
0.131 
Li.8C.i 
1 * 8 T ?  
u . v ~ n  
1 . 0 7 3  
1.25) 
0.521 
u.bc9 
1 . 1 8 1  
1.339 
1 . 4 1 8  
1. b27 
1.b84 
1,b0p 
1 , 9 1 3  
?.101 
?.295 
2.459 
Z.b26 
?.7*4 
1.971 
3.17). 
1 . 4 0 1  
3.bb1 
1.943 
2 , 0 4 0  
4 . 2 ~ 1  
4,447 
5.05. 
3.50. 
5.9v0 
6.513 
7.075 
/.bin 
11.182 
8.716 
re225 
#.by" 
1 18 , 12. 
1u.4vn 
10.7ei 
3 1 . 0 8 1  
LI.2b7 
, , .dun  
1 1 . 8 1 3  
11,248 
Id.)?? 
1S.2il 
I J . B I ?  
* * . J b *  
19.950 
15.S5n 
161010 
1*.b07 
.7.151 . :.9,* 
I7.nP3 
5 9 9 5 . 0  
5 9 5 9 .  b 
I. 
r .  
?:>Q 
0 .  " 7  
I. 35- 
0 . 0 9 3  
0.120 
0.142 
0.15b 
3.176 
5.190 
n.210 
1.243 
-.2bb 
0.29b 
0.312 
n.175 
1..21 >. 7. .
-:2 
? . & 6 C  
i..l* 
P.bb. 
?:a. 
' . * I n  
, , m 3 :  
*.". 
0.927 
I . P P 5  
1.16" 
1:112 
I. 22b 
1 ,  !19 
1..0? 
1.512 
L .  
0. 
c.on3 
C.071 
o . o n i  
0 .  
1. 
I . 0 0 0  
1.008 
0.10' 
1. ' 2 3  
a. 
3 9 6 3 . ;  
7 9 7 0 .  c 
39.5 0 
9 9 4 C . L  
9 9 4 5 . 0  
59ab.7 
3 9 l l o . 4  
3990.2 
3932.1 
. v 0 3 . s  
5 9 0 5 . 5  
3q:- 2 
i o a i l  a 
3.1'3 
0.0:'. 
6 . 0 4 5  .::* 
J ,  72'. 
r .13)  
i.:., 
0.113 
0.134 
0 . 1 5 3  
? . 1 7 3  
0 . 1 V )  
0.223 
*."03 L . 5 5 0  
-:94 
q . : 1 1  
1 . 1 2 1  
L:"j.b 
40.2.2 
2 .11 .  
..I07 
n. 3*5 
0.368 
9 . 3 9 ,  
0 . 4 1 3  
I . . U 9  . c . o  b 
1 . 5 2 n  
"5b0 
0.bOl 
"b4J 
0 . 6 8 1  
3,716 
3 . 7 5 3  
0 . 7 9 1  
0.813 
0.810 
0 . 9 3 0  
I. 982 
1.0. 
1.112 
I. 193 
% [ I : .  . 
,075. 1 
r 0 7 8 . 3  
4OYC.5 
40.2 .3  
><14.I 
4016.1 
5 i 3 1 . ;  
, 3 1 9 . 8  
1.:>3 
1 . 1 2 '  
: . 2 , i  
1.3- 
1 . 4 8 .  
1: 
1.30: 
1.591 
3241.4 
40.1. .  
60.5.2 
*O.7.C 
110.e.7 
brq0.5 
1.125 0.01J 
":3- c . o : 3  
" . r # 3 9  9 . 0 2 7  
1 . c 2 1  
1 . 7 4 3  
I. O7P 
2.027 
2.:97 
2.310 
2 . 5 1 4  
2.103 
3 . 0 4 P  
3 . 3 1 4  
3.591 
3 . 8 6 4  
4 . 1 6 ?  
4. a36 
4 . 7 0 6  
, . : 5 7  0.33' 
3.171 0 . 0 5 1  
3CS2.2 
6163.0 
,115.b 
5 c 5 7 . 3  
6 0 5 9 . 0  
2 . 0 * ~  
2.224 
2.3*1 
2 . 5 . 3  
2 . 7 : )  
i - 1 5 7  1.28. 
I. Job 
1 . 4 9 8  
1.b10 
1 . 7 4 3  
1.111 
1.221 
1 . 3 " 7  
1 . 4 3 1  
1 . 4 0 3  
2 . .  
3 . 2  J 
3.2.: 
3 . . - *  
3 . e t r  
1.875 
2,118 
2.402 
? . n o t  
2.270 
. ? " 1 . 0  
4070.4 
.8'2.i 
4 C S 3 . 5  
5C75.V 
4 : P b l  
5:197 
5.310 
5.523 
5.b18 
1 . 0 : >  
3.vr1 
6.111 
..2:. 
4 . 2 0 5  
4.331 
. . a 7 *  
. . 5 i i  
4.7L3 
4.373 
5 . 0 6 7  
5.2b3 
5.453 
5.658 
5.0'53 
? . 5 2 .  
2.Q22 
2.758 
2.001 
2 . 7 0 1  
-2.; 3 
z . : . !  
2 . 2 - 4  
2.325 
2.353 
2.1'3 
2.1.' 
7 . 5 7 1  
2 . b . 3  
? . ' " a  
8 0 7 7 . 5  
60'0.3 
8OL1.b 
'L.2.I 
. 5 . 3 . t  
? . 8 2 6  
2 . 8 7 7  
7 . 0 5 5  
1 . 0 5 1  
J.lb1 
5:b.P 
5.757 
5 . 0 2 5  
b.141 
b.40? 
6 0 . 5 . 1  
4O.b.b 
5009.5 
4001.0 
4092.4 
4093.0 
1C?3.2 
401b.b 
. 0 0 8 . 0  
6onn.o 
1.292 
5 . 4 3 3  
3.572 
3 . 7 1 5  
3 . 0 6 4  
3 . 9 9 l  
2.n1) 
2 . 9 7 1  
3.023 
3.161 
3.255 
b.b13 
b.V13 
7.270 
7 . 9 0 7  
7 . 3 9 1  
1 . 2 0 8  
m . * 1 0  
8.745 
0 . 0 9 6  
9.220 
b.O.2 
b.233 
b.414 
b.58? 
b.744 
6 . 1 1 7  
4.234 
. . ) a *  
4 .44 .  
5 -3 
L O P P . ~  
5100.0 
5102.1 
$103.4 
, 1 n 4 . 1  
4l@b.O 
5inr.3 
41011.6 
5111.0 
5112.2 
$113.9 
4115.1 
4120.7 
5122.b 
4114.1 
6177.6 
4177.1 
5 1 7 8 . 5  
5179.9 
411n.e 
5131.1 
5112.8 
4133.7 
4135.3 
n i f 7 . ~  
5141.1 
4166.0 
4150.0 
4155.0 
415T.1 
6159.1 
6163.5 
5143.8 
4i.n.3 
4ini.1 
4101.7 
5ihn.o 
ni7a.e 
6169.2 
51'1.2 
5 1 7 T . O  
JlI7.9 
4100.1 
5192.2 
5194.2 
IlPb.3 
4190.4 
b280.4 
4202.a 
6206.3 
~ 2 0 6 . 1  
6210.2 
6210.0 
4211.9 
5 2 1 3 . 1  
621S.5 
5217.2 
42?1.6 
4 2 Y 2 . 3  
4273.9 
6211.3 
4225.5 
b227.9 
6229.4 
6270.9 
4232.4 
4233.9 
(233.3 
4236.1 
6210.1 
4219.4 
4210.1 
6243.3 
4244.5 
6215.1 
~ 2 1 2 . 0  
621b.V 
62.9.1 
6 2 7 0 . 2  
4251.3 
621n.o 
n213.0 
b2I4.0 
(236.0 
I276.0 
~260.0 
4242.0 
6 2 6 4 . 0  
5 2 C b . O  
62n1.0 
0 1 0 . 0  
6271.0 
6279.3 
b2)T.a . 
6279.7 
4201.0 
Table 5-1 J A(yldv (cont'd). 
v 
\,~\L114 
cm- 1 
e 5 . n n o  
8 6 1 4 0 +  
07.589 
8 1 . 7 4 n  
09.RbP 
90.920 
91.~27 
92.4b: 
91.467 
95.163 
06.D13 
96.92@ 
OO.Cb7 
99.729 
9 P : O P o  
1 o o : I 5 7  
100.616 
ioi.n63 
101.511 
107:16@ 
102:'63 
103.10- 
lO.,l16 
qn.09) 
1 0 5 . 5 5 *  
107:672 
lOb.81. 
109.966 
113,010 
11l.V72 
114.5w 
117.021 
120.P31 
115.807 
118.4b4 
121i753 
!21.400 
121.610 
126:361 
129.740 
131 :n52 
133.512 
135.671 
13'1.314 
140.5b6 
147.664 
146.8b4 
1 . I . 9 6 6  
1'16.W 
15i.on4 
1 53.1 6 4  
155.1b4 
15l.lbl 
159,164 
161.064 
1 6 2 . 9 0 4  
164.764 
166.664 
163.464 
I7n.761 
171.964 
171.664 
175.166 
177:Obl 
1in.6b4 
100.2L1 
lR2.hb4 
1 0 5 . b b 4  
lOl.IL4 
108.6b4 
190.0b4 
191.4b4 
l92.8b4 
lPI.Ib4 
195.*b1 
196.764 
190.764 
200.4b4 
701:664  
707.1b1 
204.Qb4 
206.0b4 
181 I ~ L  
1 9 8 .  on4 
7 0 3 . 8 ~  
2 o i 1 n 4  
208.714 
210.764 
212.'31 
?l4.500 
216.390 
211.746 
219.bbL 
220.397 
221.709 
221;90a 
222.421 
222.903 
723.52e 
21n.801 
I 5905 
cm- 1 
6.1.924 
b2.947 
63.927 
(14 .844  
65.710 
66.511 
6'.239 
68,920 
6 0 . 3 1 4  
bV.929 
70.420 
1 1 . 1 0 I  
71.112 
11.'19 
71.969 
1 2 . 2 2 1  
7 7 . 4 1 6  
72.722 
11.007 
0 7 , 9 8 0  
73.331 
1 i . h n 4  
71.001 
1. ..9* 
75.355 
7b.635 
77.121 
7n.nii 
1n.6ii 
7Q.196  
0 0 . 7 5 2  
o1.=.1n 
02.791 
n 3 . 7 a q  
n a ,  (49 
n n . 0 4 1  
1 7 . 7 3 1  
0 9 . 1 1 d  
9 1  . P 3 7  
V3.170 
9 5 . ? 1 9  
97.>OR 
w . n . 3  
1 0 1  . P e s  
104.028 
lOh.114 
ion.??n 
i l n .  1 8 5  
05.565 
.1,.749 
114.121 
11b.120 
1 1 e . s z n  
120.120 
122.72n 
125.92n 
1 2 7 . ~ 2 0  
129.020 
131.4zn 
133.120 
134.820 
1 3 6 . 5 2 @  
1 3 ~ .  72n 
I J P . R ~ O  
14,.7hn 
iiU.811 
Ilh.75. 
1 1 1 . 2 5 1  
191.134 
152.694 
151.P54 
155.294 
156,554 
150.154 
160.354 
161.q54 
162, ,54 
101.P54 
104,954 
1 6 6 . 0 5 4  
i h 7 . 1 5 .  
lbl.854 
I21.120 
1 4 1 . 4 2 0  
149.754 
1 ~ 7 . ~ 5 1  
I O P . M I  
1 7 1 . q 3 0  
1 7 3 . 7 3 0  
1 7 5 . 1 7 2  
176.5?1 
177.401 
111.994 
171.460 
17n.nso 
119.331 
17P.044 
1 7 P . 0 1 2  
isn.207 
ian..vi 
,, 'i 590 I 
..-I 
43.313 
4 I . 0 9 1  
. 1 . 7 5 3  
45.3a9 
45.912 
46.393 
46.712 
41.141 
47.713 
41.954 
4 1 . 2 1 4  
40.527 
4 I . 9 0 6  
4Q.102 
49.212 
4 9 . 4 2 5  
4Q.Tb0 
r o . 7 ~ ~  
4P.ib3 
5 n . n ~ i  
5o.ivn 
5 n . 3 7 7  
50.739 
51.191 
51.229 
5 1 .  n w  
5?.241 
52.019 
57.910 
53.243 
54.015 
54.511 
54.914 
I C .  729 
55.551 
56.905 
57.901 
59.411 
5 9 . 3 6 7  
61.347 
62.742 
63.913 
b5.542 
6 1 . 6 1 6  
69.712 
11.362 
1 3 . 3 4 0  
73.71 ,  
1 7 . 1 1 0  
79.195 
ni.251 
1 7 . 2 0 5  
03.227 
05.213 
09.104 
91.004 
97.YOa 
94.104 
96.501 
98.304 
100.004 
1 0 1 . 7 0 4  
103.401 
1 0 ~ . 1 0 4  
100.704 
101.303 
iio.bn7 
111.771 
113.656 
115.147 
110.n42 
116. b43 
110.442 
122.142 
123.*42 
124.742 
1 2 6 . 0 4 2  
127.242 
120.442 
129.642 
1 2 0 . 0 4 2  
130.742 
131 .n42 
i34.nrn 
132.942 
133.730 
136.717 
138.612 
ian.?14 
141.607 
147.514 
143.231 
143.711 
14d.143 
1 4 4 . 5 2 V  
144.961 
145.7b1 
145.514 
1 4 5 . 1 0 1  
14b.026 
1 ' = 3 9 0 S  
cm- 1 
32.803 
3 3 . 4 1 ,  
33.91, 
1 4 . 3 b 4  
34.153 
1 5 . 1 0 6  
3 5 . 4 0 5  
35.b65 
31.063 
3b.231 
36.435 
Jb.615 
1b.053 
3b.9i5 
3 7 . 0 8 2  
37.1bl 
37.2*, 
1 7 . 3 4 1  
31.423 
3 7 . 5 7 5  
31.631 
3 7 . 1 . 1  
3 1 . 0 7 )  
68.31) 
3 8 . 1 6 1  
1 9 . 0 0 1  
19.2.3 
19.463 
19.b83 
4 0 . 2 4 )  
a 0 . 5 1 3  
41.253 
41.721 
*1.253 
3 7 . n b i  
do..%) 
4 2 . o n 7  
43.2na 
43.9e5 
45.477 
46,562 
47.500 
* n . n 2 *  
50.603 
52.1Ra 
5J.777 
> 5 . 5 7 7  
51.27, 
? Y . O l I  
h O . 9 1 1  
62.085 
6*.815 
66.?75 
60.153 
70.b40 
1 2 . 5 3 3  
1 4 . 3 3 9  
76.233 
'8.033 
' 9 . 8 3 3  
31.533 
63.233 
Ob.633 
68.235 
8 9 . 0 1 1  
92.076 
93.095 
34.905 
Pb.305 
Q 7 . 6 1 5  
39.273 
1 O O . b l 3  
lP2.0 11 
103.373 
104. b73 
nr.933 
105.911 
111.211 
130.471 
lOP.bI3 
110.873 
111.971 
113.073 
11a.171 
ii5.2n3 
lib. 97 5 
111.802 
110.5115 
110.951 
121.925 
1 7 2 . 9 ~ 3  
1)2.56) 
121.2PI 
121.  Y ?  
123.727 
1 2 1 . 9 7 7  
124.1.' 
124.294 
\? . .4 . )  
1 7 4 . 5 + 7  
(. 
I 
t 
I 
Table 
4 
5- 
I9 
?.07-2 
x 10 
5.03 
" 10-2 
1 103 
3 . J '  
5 0  ,i 
?,".I 
e . a . 3  1 " 5
7 . 1 5 .  
7.2.3 
7.3.3 
, . 4 4 !  
l.5,> 
;.5r> 
7 . 8 . 5  
7.71' 
7 . 7 7 >  
7 . 8 . 3  
7.013 
7.053 
7,871 
7 . 0 8 ?  
7.893 
7.9?3 
7 . V Y 5  
7.9:: 
7 . 0 4 )  
7.9-1 
i.9"1 
0.023 
0 . 0 5 S  
8 . 1 9 3  
0 . 2 1 5  
0.2e7 
8 . 3 3 1  
0 . 3 ' 3  
0..*5 
8.551 
0.bi. 
S.b2> 
0.794 
P.914 
V.O-i* 
9.171 
9.341 
9.b*? 
9.94) 
1 0 . 2 1 5  
10.551 
11.052 
Il..L 
11.911 
12.341 
1 2 . 0 ' 4  
1 3 . 2 0 7  
IS.b*i 
14.13, 
1 4 . b - 8  
15.2(5 
15.917 
IL.b%l 
1 ) . 3 . i  
:5 .1 : ,  
1 8 . 9 ' 1  
! 9 . 7 . >  
2 C . 5 2 .  
? 1 . 2 , 5  
2 1 . 9 ~ 5  
>2.bai 
) 3 . 3 " i  
i 3 . 0 5 1  
* . . 3 ? *  
26.7% 
25.W0 
25.41, 
r5.913 
2 6 . 4 C 1  
:?.6bj 
.I 
>7.053 
1 0 . 1 ~ 3  
?C..*3 
3o.in5 
30.7?* 
31.225 
11.7v5 
12.3)' 
32.71, 
J 3 . 2 2 3  
7 3 . 6 4 5  
l . . O . ?  
34.515 
3..053 
35.371 
35.b81 
35. 971 
20.2P' 
3b.007 
30.145 
3b.lel 
3b.222 
3b.243 
3b.252 
3b.2R3 
Jb.297 
3b.311 
Jb.Si1 
' SU6i 
Crn 1 
. . * 3 ?  
4 . 6 1 1  ..r7. 
a.720 
r.773 
4 . 8 1 1  
..94L 
. . n 7 7  
*.UZP 
4.942 
4 . ~ 1  
5.015 
5.021 
..98P 
5.003 
5.012 
5 . 0 4 1  
5.150 
5. 059 
5.,78 
5.002 
5.09b 
5.100 
5.12. 
5.131 
5 . ? @ 9  
5 . 7 3 1  
5.75h 
5.217 
5.300 
5.3b3 
5.3s .  
5.L31 
5.a7. 
5.522 
5.57' 
5.ha5 
5.600 
S.7bP 
5.935 
0.0bq 
6.207 
b.383 
6.bbP 
6.910 
7.103 
7..70 
7.77' 
3.0)) 
4.4b2 
@,*b? 
0.331 
9,846 
lI..20 
1 1 . 1 4 5  
1I.DVI 
1?.154 
1 1 . 0 0 1  
11.718 
1..7 
li.133 
1 5 . 7 0 7  
1 6 . 4 1 1  
lb.095 
1 7 . * 0 ?  
17.071 
10.161 
10.120 
1 0 . 6 9 1  
19.157 
19.b85 
20.0bO 
21.497 
22.083 
2 2 . 7 0 1  
2 1 . 3 1 4  
23.921 
24.415 
25.01. 
25.532 
25.V84 
25.4Ob 
2 6 . 0 0 3  
2-,1b3 
27.b2. 
2 1 . 8 4 4  
20.169 
2C.3bO 
ZC.4bI) 
20.510 
20.562 
20.583 
20.603 
28. b15 
20.634 
2 1 . 6 4 9  
28.b50 
20.6b7 
28.b7C 
2 n . a ~  
>9$> ." 1 
3..3>3 
3.95? 
3.9** 
a.013 
* . P 5 5  
. .I. ,# 
4 . 1 4 )  
4 . 1 5 1  
1 . 2 5 ?  
4 . 2 7 3  
..31, 
..I75 
4.3.5. 
4.3-1 
4.361 
.3'2 
4 , 3 ? >  
..385 
4.395 
4.4,J 
4.. ,5 
4 . 4 7 4  
4.4)) ... 6 3  
4.513 
a . 5 6 1  
4.5b3 
4 . 5 9 1  
4.601 
4 . 6 5 6  
4.b81 
4.712 
6.742 
* . I " $  
..0. ? 
4.911 
..052 
5.03, 
4.231 
5.1" 
5.313 
5 . 4 3 a  
5.597 
5.023 
6.022 
6.247 
b.4d4 
b.713 
b.94? 
7.172 
7.411 
e . 0 3 )  
a..11 
7.71. 
0.121 
9.233 
9.607 
10.152 
10.595 
ll.OC1 
1 1 . 4 8 1  
11.91? 
12.3nl 
I2.bI7 
1 2 . 0 8 .  
1 3 . 2 5 3  
13.Lb9 
11.595 
13.823 
14.113 
14.453 
14.791 
15.156 
15.513 
15.097 
lb.261 
1b.622 
1b.991 
17.323 
17.651 
17.963 
10.247 
10.507 
10.757 
18.991 
19.303 
19.461 
19.124 
:o.u92 
;.0.005 
i O . O b 3  
20.093 
? 0 . 1 1 2  
20.137 
20.143 
20.161 
?0.19? 
20.193 
2 D . 2 3 3  
20.173 
59a5 
cm I 
2.4.5 
< . 4 3 ?  
2.511 
i . 2 6 .  
?.>PI 
r.b23 
2.6.L 
l.bll 
7.7:Z 
<.I16 
r.731 
?.?51 
i.'b? 
< . 7 b ?  
2.7-i 
<. ' ,E 
7.79, 
2 . 7 9 7  
2.91.1 
?.no? 
/,SI: 
2 . 8 2 5  
i.Y3b 
t . 9 5 1  
2.87- 
i.91n 
7.931 
2.419 
2.065 
1.902 
3.025 
3.044 
3.086 
3 . 0 5 1  
3.131 
5.179 
j.2:o 
3.2bn 
>.I21 
3.434 
5 . 5 3 )  
3.b23 
3.7*5 
3.v11 
4.05. 
..2211 
.,304 
4.541 
1.687 
4 . n i .  
r.491 
1.100 
>.I94 
5.6.2 
5.9CI 
6.101 
6.4., 
6.759 
1.045 
f.3.1 
7. bo5 
8 . 1 1 9  
r . 3 5 3  
5.539 
7.875 
b.703 
8.W.S 
0.927 
V.061 
v . 2 2 a  
".a27 
9.629 
9 . 0 4 1  
' i . 0 1 1  
1 P . I  7 9 
It.491 
IJ.7OR 
10.+19 
11,115 
11.307 
l1..96 
11.6b7 
11.01l 
:1.?58 
12.095 
1 2 . 1 0 1  
12.5.9 
1 2 . 6 1 5  
7 2 . 7 6 5  
12.d10 
12.d46 
12.9b4 
1 2 . 3 ~ 1  
12.074 
12.064 
1r.dEC 
12.dln 
! L . B P P  
12.1100 
I2.Ll94 
I.ObJ 
P.'?7 
?.989 
?.PO* 
1.007 
1.015 
1.021 
1.02b 
1,133 
1 . c 3 1  
I .  n37 
1.1137 
I.n37 
i.n37 
1.017 
1 . 3 3 7  
I . f i 3 7  
1.137 
1 , 7 3 7  
1 . 0 3 1  
! . " 7  
1 . 0 1 7  
1.137 
1.037 
1.031 
1.017 
1 . n 3 7  
1.437 
1.01' 
1.017 
1.317 
1 . 0 1 8  
1.0.0 
1.042 
1.04b 
1 . 0 5 s  
1.102 
1.113 
lilb4 
1 . 2 0 s  
1 . 7 7 1  
1 . 3 4 2  
I. 6 2 8  
1.512 
1.611 
I ,719 
i . n l T  
i.ns7 
i.nv 
1 . ~ 5 2  
2 . 0 l V  
?.217 
? . 4 9 7  
?.710 
3 .  041 
7 , 3 8 0  
1.762 
4.:70 
. .580  
9 . @ 0 0  
5.313 
5 . 1 5 1  
4 . 1 1 9  
0,301 
6 . 6 0 7  
h.776 
6.941 
7 .oOb 
?.I(* 
?.3b3 
7.bll 
7.93. 
9.2W 
0.bbb 
9 . n ~  
9.411 
9.022 
1 0 . 2 0 8  
1 0 . 5 5 0  
10.h72 
11.170 
11.41) 
11.b40 
11.083 
12.18b 
12.272 
12.3Pb 
12.4b9 
17.512 
12.533 
12.537 
12.530 
i2.54n 
1 2 . 5 4 1  
12.5*2 
12.542 
1?.547 
').5*2 
12.541 
11.rm 
P . B ? 1  
2,075 
0.837 
0.0.7 
G.dZ5 
0 . 0 6 3  
0 . 6 6 )  
0.87e 
0 . 8 8 1  
G.061 
0 . 0 1 1  
0 . 0 l i l  
5.001 
0 . 0 8 1  
0.051 
0.0*1 
0 . 8 8 1  
0.001 
0 . 0 8 1  
0.081 
0.101 
o.mi 
n.aoi 
u.un1 
o.oni 
o.nn1 
o . a n i  
o . m i  
5.nni 
0.8El 
0.nai 
0 . 0 O 3  
O.d8* 
3.0*7 
O.0b3 
0.891 
0.901 
0.911 
0 . 0 4 4  
0.971 
1.002 
1 . 0 4 7  
1.117 
1.106 
1.261 
1.142 
1.443 
1.545 
1.bb5 
n.ov7 
1 . m 5  
1.072 
2.1P3 
2.412 
2.b77 
2.051 
3 . 2 4 3  
3.56' 
J . 0 8 ,  
4 . 2 0 3  
4.505 
4.796 
5.01) 
, . S I 5  
5.514 
5.662 
5 . 7 5 7  
5.003 
5.923 
6.111 
b.344 
b.593 
7.173 
7.4b2 
7.7b* 
8.Ob1 
0.352 
O.bI5 
0.06Y 
9 . 1 0 7  
9.311 
0.497 
9.bb. 
6.87) 
9.10; 
9.991 
10.071 
1C.190 
10.251 
1 0 . 2 1 a  
10.293 
1 0 . 3 0 1  
10.30! 
1 0 . 3 0 5  
10.303 
1 0 . 3 0 5  
1 0 . 3 0 )  
10.30f 
10.315 
10.301 
0 .  
0 .  
0.000 
0.001 
n .  
n.oii 
0.017 
0.025 
o . o s 0  
0.040 
O.Ob4 
O . O V 7  
0.123 
o.011 
n.175 
0.216 
P . 2 5 9  
0.313 
0.4bb 
n. 7sa 
0.546 
0 . 6 1 1  
1.724 
0 . 1 1 0  
0.922 
1 . 0 1 1  
1.I7b 
1.526 
1.721 
1.022 
2.141 
7 . 3 7 1  
2.58) 
7.831 
3.040 
5 . 7 6 5  
3.4b2 
3 , 6 4 0  
3 . 1 0 4  
3.912 
6.020 
*.012 
..I77 
4 . 3 1 ¶  
4 . 4 8 5  *. bb? 
1.331 
4.150 
5.051 
5.147 
5.442 
5.b17 
5.011 
6:013 
6.IPO 
6.361 
b.510 
b.640 
b.777 
6.890 
? . @ l o  
7 . 2 1 0  
1.284 
1.320 
7:340 
7.352 
7.317 
7.317 
7.117 
7.357 
7.35? 
7.357 
7 . 3 5 7  
?.31? 
7.110 
0 .  
0. 
0 .  
0. 
0 .  
0 .  
0. 
0 . 0 0 8  
0.003 
0.013 
0.01) 
0.027 
0.035 
0.051 
0.005 
0.117 
0.151 
0.197 
0.2b? 
0.323 
0.39) 
0 . 4 5 2  
0.52' 
0.593 
O.bC? 
(1.737 
0.831 
0.912 
1.063 
1.19I 
1.325 
1.471 
1.b25 
1.77. 
1.931 
2.062 
2.205 
2.311 
2.4.7 
2.547 
2.b23 
2.697 
2.736 
d . 0 1 .  
2.903 
3.011 
3.123 
3.241 
3.3bl 
3.473 
3.59a 
3.711 
3.V3. 
a .0 .1  
6.143 
*.236 
4.315 
a.395 
4 . 4 7 2  
4.575 
4.62) 
4.711 
4.7b7 
4.792 
3.129 
a.111 
4.823 
4.025 
4.875 
4.025 
4 . 8 2 5  
4.021 
6.023 
4.025 
4.125 
0 .  
2. 
0. 
0. 
0. 
0. 
0. 
0 . O C 2  
0.309 
il.016 
0.025 
0.03b 
O.O*b 
O.Ob2 
0.01b 
0.123 
0.153 
3.193 
0.2.1 
O.ZV1 
0.353 
i.407 
c.*59 
r . 5 0 5  
8.550 
. 5 ? .  
0 . 6 4 0  
3.7:') 
, . 0 i n  
0 . 4 0 5  
".?,? 
1.JbS 
l.lb7 
1.2b4 
l . l b 2  
1.*55 
1 . 5 4 5  
1.524 
:.b?* 
1 . 7 5 5  
1.811 
1.655 
1.080 
1.919 
1.009 
2.021 
2.290 
1.100 
2.232 
2.290 
7.3b1 
2.437 
2.*90 
2.559 
2.b21 
2.b04 
2.737 
2.706 
2.03. 
2.875 
2 . 9 1 5  
2.970 
3.031 
3.0bC 
3.Od9 
3.IOV 
3.10G 
3 . l C D  
3.IOC 
3.100 
3 . 1 : c  
3.IOr 
3.100 
3.100 
3.100 
0 .  
0 .  
0.000 
0.002 
0.007 
0.01b 
0.029 
0 . 0 3 7  
0.053 
0 . 0 0 1  
1.100 
0 . 1 2 1  
0.116 
0.157 
0.110 
0.22b 
0.2b8 
0.113 
0.3b1 
0 . 4 1 4  
0.476 
0.542 
0.62' 
0 . 7 1 4  
0 . 9 4 0  
0.973 
1.105 
1.25n 
1.397 
1.541 
I .  6 8 %  
1 , 5 1 1  
1.*11 
? ,  031 
2.111 
2.17a 
2 215 
2 257 
2.300 
2.371 
2 . 4 7 1  
1.510 
2.700 
7.046 
2.914 
3 . 1 2 9  
3.2bq 
7 . 4 0 9  
1.511 
3.b51 
3.758 
3 . 0 4 1  
1.921 
3.98? 
4.044 
4.100 
4 . 1 8 0  
4.201 
4 . 2 1 3  
*.220 
4.221 
a . 2 2 3  
4.223 
a . 2 2 3  
4.223 
4,223 
4 . 2 2 3  
4.223 
4.223 
*.1a8 
r'-b155 
c.-1 
0. 
0 .  
0 .  
0. 
0 .  
0.00y 
0.001 
0 . 0 0 1  
J.001 
0 . 0 1 1  
D . 0 1 J  
O . O ? ?  
0 . 0 1 1  
0.043 
0.067 
0.091 
0.113 
G.143 
0 . 1 0 9  
0.221 
0.271 
0.337 
0.417 
0.511 
0.613 
0.722 
0.851 
0 . P 0 5  
1 . 1 1 3  
1.251 
1.374 
1.4v1 
1.641 
1.702 
1.772 
1.035 
1.071 
1.001 
1.921 
1.905 
2 . 0 7 3  
2.282 
2 . 4 1 3  
2.543 
2.b'? 
2.0,; 
2.923 
3 . 0 4 1  
3.14) 
3 . 2 5 1  
3.335 
3 . 4 2 3  
3.532 
3.602 
3.6.2 
3.b05 
3.721 
3.723 
3.727 
3.727 
3 . ? 2 7  
3.727 
3.727 
3 . 7 2 1  
1 . 7 2 7  
3.727 
2.173 
1.461 
3.702 
1.727 
'-bl55 
c1- 1 
P .  
L . .  
I. 
9 .  
r .  
0. 
0.000 
0 . 0 0 1  
c.0c3 
0.00h 
0 . 0 0 0  
U.012 
3.015 
0.023 
0.037 
0 . @ ' 6  
(. .Ob. 
P.007 
0.113 
0.1.3 
u.181 
1.226 
, . . 2 0 r  
L ,154 
6.430 
?.¶16 
0.b11 
0.714 
0 . 0 1 1  
U.918 
1.014 
1.101) 
1.107 
1.279 
1.343 
1.392 
1.625 
1.4% 
1.4b1 
1.511 
1.595 
1 n b'5 
1.705 
1.0b? 
1.955 
2.051 
2.152 
1 . 2 5 1  
2 . 3 3 8  
1.42. 
2.905 
1.376 
1.bJP 
2.b91 
2.110 
2 . 1 1 4  
2 . 1 4 1  
2.065 
2 . 0 1 9  
1.910 
,,92n 
<.921 
d.920 
2.921 
t . 9 2 8  
2.920 
<.a20 
2.?21 
2.910 
<.9?1 
5-5 
5 1 I 4 . 1  
52q7.5 
6210.6 
6294.1 
4296.4 
b2011.7 
4301.0 
SJI5.4 
bl07.b 
3 3 P P . I  
5 3 1 1 . 9  
6 3 1 4 . 0  
43Ib.l 
b 3 0 . 1  
4320.2 
5112.2 
5 1 7 4 . 1  
432b.l 
4370.0 
4329.9 
5 1 7 1 . 1  
5313.5 
?335.3 
4317.1 
4310.0 
4310.5 
9311.2 
5343.8 
43.5.4 
5I.V.3 
5350.9 
,152.4 
5353.8 
4355.2 
3 3 5 b .  b 
5357.9 
4359.3 
4310.b 
1 3 6 1 . 9  
53bJ.I 
4344.3 
4345.6 
4301.7 
0367.8 
53.9.2 
5 3 ' 0 . 7  
43'1.5 
4 3 ' 3 . 0  
5 3 7 4 . 2  
b37b.O 
33'11.0 
53*O.O 
4302.0 
43.4.' 
4311b.C 
5 3 q 8 . 0  
$390.0 
1 2 9 1 . 8  
63ns.z 
5347.n 
3 3 0 2 . 0  
4301.C 
5lPb.O 
6 3 P O  0 
3400.0 
4402.0 
9'01.0 
4408.0 
5 4 1 0 . 0  
9412.0 
4414.0 
5416.0 
4411.C 
1.70.0 
4404.0 
5 4 2 2 . 0  
5 4 ? 4 . 0  
4476.0 
b4)O.O 
b410.0 
4412.0 
9 4 1 4 . 0  
441b.O 
b 4 7 O . C  
4440.0 
4442.0 
(444.0 
414b.2 
4448. I 
4490.2 
4472.0 
b4Y9.1 
5 4 5 7 . 8  
5 4 5 9 . 7  
4a-a.8 
~ 6 1 . n  
54b3.8 
4415.7 
44b7.b 
54411.5 
,. '. 1i!< 
< m  1 
224-7:  
225.249 
226.CLil 
228,127 
229:dbO 
1 3 0 : 9 4 0  
237:53C 
134.7bb 
236:1l4 
227.007 
?3a.ion 
?.".!I. 
?*?;?I6 
2 4 4 : ? 9 1  
2.c.192 
7 4 7 . J V 7  
P50.497 
752.491 
?54..97 
250.392 
7 5 8 . 1 9 7  
2b0.192 
1bl. 09' 
2bS. 797 
7 b 5 . 5 9 7  
2bi.397 
269.002 
2 1 0 . 7 9 7  
? 7 1 . . 9 2  
27.."9i 
? 7 S . 6 9 2  
? 1 4 . C O ,  
279.592 
2111.192 
2 0 7 . 0 9 7  
2 8 4  I B91 
?115.493 
?llh.hO? 
P L I ~ : I P ?  
?89:59? 
7 9 0 . ~ 0 2  
?92.192 
2 9 3 . 3 9 2  
1 9 4 . 5 o i  
i r 9 5 . 8 0 7  
296.99) 
? P O ,  . P i  
l O f l ~ P 9 2  
3 C 1 . 7 0 2  
303.202 
3 0 4 , 4 9 2  
3 0 6 . 2 9 2  
308.707 
3 1 0 . 2 1 2  
lI?:lbl 
3 1 3 . 1 I .  
115. 03s 
315.P74 
311.391 
11b.70d 
Jib. 8 9 a  
311.121 
i w . c o ?  
317.021 
317.20.3 
317.30F 
3 1 7 . a 2 2  
317,550 
317.1Ib 
317.b25 
117.011 
7 1 8 : n O I  
318.220 
3 1 J . 3 4 0  
314.431 
3 1 8 , 5 0 7  
319.5b* 
311.611 
318.b34 
318.6.~ 
118.5b. 
llJ.09. 
318.72C 
3 111. -, 1 4  
31fl,Pl? 
JIn.*ii 
314.925 
i i n . w  
3iq.oan 
3 1 9 . 1 2 1  
319.350 
319.543 
319.024 
310.132 
320.1t.n 
321.7r1 
322.004 
32n.b)' 
322.1b9 
323.2115 
1 ' 9 . 1 3 ,  
. .  
, ' * . 3 5 C  
'.,90\ 
l4b.305 
, . b ,  158 
1 .7 .082  
147.47b 
147.9bY 
lan.s4? 
140.26n 
i50.13? 
131.144 
13?,357 
1 5 3 . 7 9 5  
155.444 
I5).193 
159.0l6 
Ibl.05b 
1b2.024 
lb5.Pb1 
1b'.nlb 
168.937 
1 7 n . u 3 7  
1 i 7 . 8 3 7  
114.'37 
l'b.537 
118.337 
1 8 0 . 1 3 7  
181.037 
1111.63' 
1 8 s .  1 3 7  
ll7,,37 
l a n . h 3 ?  
L V O . 2 3 '  
ll2.031 
194 122 
'95.714 
1 9 ' . 2 1 7  
1 9 i l . 0 1 3  
70n.ni3 
201.413 
?0?.713 
2 0 1 . 1 1 1  
? 0 5 . 4 1 1  
2 0 6 . 7 1 3  
207.017 
2 0 9 . 1 1 3  
7 1 1 . 4 1 1  
211.511 
? 1 ? , & 1 3  
714.P13 
21'.113 
215.111 
217.809 
1 2 1 . 7 5 '  
?2?.51q 
2 1 9 . n o ~  
2 2 4 . 1 4 n  
225.311 
215.19I 
2 2 b . 1 8 n  
227.171 
22'.451 
?21.*01 
227.951 
?2R.@bl 
2 2 7 . ~ 2 2  
n n . 1 6 a  
22n.?59 
2 2 n . 3 4 1  
22n.429 
22n.510 
2 2 n . w  
22n.785 
22n.10~ 
m . 9 ~  
225.58b 
228.721 
? 2 8 . P 4 4  
2 2 0 . 9 5 1  
?20."34 
220.0bP 
229.100 
229.120 
229.110 
229.111d 
129.213 
229. 242 
2 2 9 . 2 7 )  
129.304 
720.340 
229.374 
220..15 
229.455 
220.505 
92S.5b7 
?29;3bl 
? 1 9 . 7 7 2  
229.v35 
2 3 n .  14. 
739.39n 
2 3 1 .  '13 
231.*119 
"':190; 
CR-  I 
174.711? 
1 2 5 . 0 3 3  
125.231 
125.487 
125.8n1 
17b.1'31 
11b.681 
1 2 7 . 3 n a  
1 7 8 ,  05? 
1 2 n . 9 ~ 1  
1 I O .  1 11 
I31.4"4 
1 3 3 .  0 i l 4  
1 3 4 . 7 0 1  
136.53% 
1 3 1 . 4 4 3  
1 1 0 . 3 8 7  
112.3.15 
144.204 
lab.In> 
1 4 8 . 0 7 5  
149.v75 
1 7 1 . 7  3 %  
15J.575 
1 > 5 . 3 7 5  
151.171 
1 0 0 . 5 7 5  
102.2?* 
l,n.a75 
1 6 3 . 8 7 5  
165.4CL 
l b ? . l R )  
1b9.211 
112.743 
1'3.64? 
175.011 
11b.113 
1 7 1 . 1 4 r  
1 ' 9 . 1 4 1  
1i0..4l 
181.1.1 
1e2.941 
1 4 4 . 1 4 1  
115.4.3 
1Pb.541 
1 R l . b r Y  
1RV.041 
120.534 
191.33 7 
1V2.1115 
193.970 
IPS.bC3 
1 9 1 . 1 1 3  
1 7 3 . 1 5 1  
I P B . J V ~  
19V.22? 
1 P Y . 7 7 1  
200.117 
290.331 
ino.4i( 
200.573 
2nO.b5, 
2 n 0 . 7 1 ?  
200.161 
2 o o . 8 n )  
2 0 0 . n 4 3  
200 .1181  
200.013 
200.953 
200.997 
201.035 
201.01? 
2 0 1 . 1 0 5  
201.131 
201.15? 
201.111 
201.185 
2111.201 
201.212 
201.221 
?01.221 
201.23j 
201.243 
2 0 1 . 2 5 1  
201.201 
201.2Jl 
2C1.285 
201.3ni 
2111.321 
zn1.351 
zni. 4 0 ?  
1 0 1 . 5 1 3  
211.b71 
?ni.lj( 
2 0 1 . v 2 1  
2j1.133 
201.337 
201.311 
101.451 
201.25) 
5-6 
Table 5-1 JvAtMdu (cont'd) 
520h.4 
5200.7 
5331.G 
*3n3.2 
53-5.4 
53*7. b 
5 3 1 9 . 0  
5 3 1 1 . 9  
5 1 , a . o  
'23 1 6.1 
5317.1 
4370.2 
5312.2 
537 . .1  
53)b.l 
5378.C 
3379.v 
53.1.7 
5313.5 
5375.3 
,377.1 
, 3 . 8 . 8  
53.0.5 
53.2.2 
5 3 4 3 . 0  
r3g5.4 
5317.0 
53.9.3 
5350.9 
5352.4 
< 3 < 3 . 8  
5355.2 
53ib.b 
5357.9 
5359.3 
53+0.b 
$3.1.9 
53.13.1 
'S.I.3 
5355,s 
'35b.7 
5361.d 
53ru.2 
.3'0.7 
5 3 ' 1 . >  
5 3 7 3 . :  
5374.2 
L.37b.O 
5378.0 
53 .1 .0  
5302.0 
53'..0 
53'6.0 
5 3 . 8 . 0  
53VO.C 
$397.0 
5394.2 
'30b.C 
5 3 9 8 . 0  
5400.0 
$4"2.3 
5404.0 
5406.0 
44ns.o 
6410.0 
5412.0 
5 4 1 4 . 0  
541b.O 
5 q 1 0 . c  
5478.0 
54r2.O 
547..0 
547b.I 
5 4 > 0 .  L 
5 4 ' 0 . C  
5I.1.1 
5..3.8 
5.L5.7 
5.Ll.h 
r r ' 9 . i  
53.978 
5 d . 0 4 0  
54.813 
5..13. 
54.200 
54.315 
54.431 
54.5v. 
5. 7v. 
55.059 
55.371 
55.'46 
56.201 
5b.740 
57.158 
57.646 
58.837 
59.C50 
b0.528 
b1.514 
b2.524 
b3.5110 
14.644 
b5.713 
bb.008 
67.915 
b11.075 
70.02b 
71.O.V 
71.PbP 
72:7vo 
73.b87 
74.229 
75.017 ~. 
75.db0 
7b.751 
?7.b8i 
7I.bS2 
7V.583 
8O:bl; 
Il.bO0 
02.b03 
113.532 
04.45b 
05..45 
86.2b4 
87,070 
00.095 
1 0 . 1 1 4  
¶9.59b 
v1..4. 
v1.092 
VI:89" 
92.555 
92.9VO 
93.751 
93.395 
93.410 
93.527 
P 3 . 5 5 0  
V1.qb4 
93.572 
93.575 
93.517 
VJ.577 
93.517 
93.577 
93.577 
93.577 
V3.517 
v3.577 
93.577 
93.577 
03 577 .. 
V1.577 
93.577 
93.577 
03.577 
93.577 
v3.577 
93.577 
93.577 
93.577 
33.-77 
91.577 
95.577 
9I.519 
v3.517 
97.5Vb 
9 7 . 6 0 7  
93.<1b 
93.6211 
V3.b39 
93.654 
93.071 
93.70b 
93.743 
V3.791 
9 3 . n s 9  
91.IP8 
IC 
2.30, 
I 10 
:=59>5 
C. 1 
31.333 
3b.3h? 
3b.3R3 
3b.<II 
3b.491 
1b.567 
Jb.bb? 
3b.719 
36.903 
37.035 
37.243 
37.456 
37.713 
3 8 . 0 1 3  
38.373 
38.523 
39.233 
39.723 
40.21? 
.0.095 
11.537 
42.2?3 
*2.916 
*3.b11 
4e.317 
45.031 
45.145 
4b.455 
47.121 
41.712 
40.257 
40.873 
4V.265 
49.1107 
50.389 
50.941 
51.526 
52.171 
52.775 
3 3 . 4 4 *  
54.103 
54.797 
55.4.7 
5b.073 
5b.7SL 
57.331 
57.873 
58.511 
59.321 
"3.b51 
00.223 
50.bb3 
61.233 
h1.15? 
$2.123 
h2.3bi 
62..93 
32.575 
62.b21 
52.643 
b2.653 
b2.bb3 
02.bbl 
02.663 
02.bb3 
b2.bb3 
b2.bh3 
h2.bb3 
02.bb1 
bZ.bb3 
b2.bb3 
b2.bb3 
62.603 
b2.bb3 
bZ.bb3 
bZ.Ob3 
b2.bb3 
52.bbJ 
02.bb3 
O2.bb3 
62.bt3 
02.b63 
02.bo3 
*2.b63 
?2.bb3 
Id.bt3 
*?.bC3 
52.bbl 
32.bb3 
$2.bh> 
r2.bh5 
02.b71 
62.b77 
t.2.bG1 
$2.701 
02.7i7 
02.753 
62.793 
b2.052 
c2.8:. 
"'=59>5 
ED 1 
I ? . i b - .  
2 7 . ~ 9 ~  
28.Q2, 
211.251 
2 e . i u !  
10.2J7 
28.42- 
28.545 
10.087 
20 .d .n  
2 9 . @ 3 .  
29.27" 
29.549 
29.b8" 
30.21) 
10.551 
3O.VPI '  
311.51 
20.lb3 
28 .32 .  
31.957 
1 2 . 4 7 4  
I~.Y*LI 
11.53. 
34.0b: 
34.bI- 
35.185 
3 5 . 7 1 P  
16.2lP 
36.b5t 
17.07? 
37.557 
37.~5e 
18.275 
19.136 
39.595 
10.005 
10.547 
41.050 
41.57. 
12.11. 
42.b21 
41.10' 
43.b31 
u.497 
45.05. 
15.5v7 
4 5 . 0 1 0  
kb.2'. 
4b.b.I 
47.061 
47..e: 
I7.78fi 
47.98. 
4 0 . 1 c n  
40.10: 
4 8 . 1 q c  
~ 1 . 2 ~ 9  
48.214 
48.21. 
30.711 
44.075 
1 8 . 2 1 4  
40.711 
48.21. 
40.21. 
10.71. 
48.21. 
411.21. 
48.214 
48.21. 
48.21. 
48.211 
40.21. 
48.21. 
40,2!4 
'0.214 
40.21. 
48.21. 
48.21. 
4 0 . 2 1 .  
40.22' 
"0.2:' 
4 0 . 2 1 4  
40.2!. 
'0.21, 
48.21. 
40.21. 
48.21. 
48.21. 
'8.21. 
40.21f 
~ 8 . 2 2 4  
48.241 
*8.201 
40.283 
48.351 
48.41e 
40.117 
40.391 
.,'.5%5 
cm 1 
20.bPO 
28.721 
28.745 
21.777 
28.810 
20.863 
28.921 
28.995 
29.078 
29 .1DO 
2V.327 
2v.4v7 
29.713 
2V.902 
30.2Vb 
3 n . 4 3 0  
3 1 . ~ 3  
31.49b 
31.907 
32.552 
33.135 
33.752 
34.373 
35.031 
35.bDb 
3b.3b7 
37.021 
37. b50 
38.2bl 
38.71b 
30.231 
39.b32 
3 9 : 8 7 8  
40.27b 
49.760 
41.283 
41.ab2 
12.679 
43.075 
43.740 
44.3lb 
45.024 
45.b27 
40.220 
aL.052 
4 7 . 3 1 0  
47.n77 
. ' ) . .PO 
.0.078 
49.351 
49.807 
50.4VY 
50.772 
50.945 
51.047 
5l.lOL 
51.151 
51.17b 
5l.lV2 
51.202 
51.209 
51.211 
51.212 
51.212 
51;212 
51.712 
51.212 
51.212 
51.212 
51.212 
51.212 
51.212 
51.212 
51.212 
51.21? 
51.212 
51.212 
51.212 
51.212 
51.212 
51.212 
51.212 
51.217 
51.213 
51.215 
51.220 
51:227 
51.233 
51.243 
51.254 
51.26b 
11.77* 
51.297 
51.307 
51:325 
51.34b 
5 1 . 4 0 1  
SI ..le 
5n.121 
51.370 
"'=5%s 
cm 1 
i0.211 
20.213 
20.23'i 
20.2.3 
70.271 
20.30? 
20.34. 
? 0 . 3 9 9  
20.4b4 
20.545 
20.b45 
?0.7b5 
20.911 
21.007 
r 1 . 2 8 3  
21.373 
21.7CI 
22.051 
22.357 
22.695 
23.013 
23.424 
23.012 
24.217 
24.b25 
25.01! 
i5.4b5 
25.011 
2b.271 
'b.bO1 
:L.s85 
27.203 
27.395 
27.bBi 
28.003 
28.331 
711.b04 
29.0b3 
2v.431 
29.d33 
30.233 
30.643 
3 1 . 0 3 3  
31.404 
31.1103 
32.151 
12.473 
32.8111 
33.203 
33.475 
3 3 . 8 0 3  
34.013 
3 4 . 3 3 5  
54.572 
34.724 
34.013 
3*.0b3 
34.v03 
34.V2? 
34.935 
3 4 . 9 4 4  
34.943 
3 4 . 9 4 3  
3 4 . 9 4 3  
34.v.3 
l4.V.3 
34.v43 
34.v.3 
3 4 . 9 4 3  
34.v43 
34.v.3 
3 4 . 9 1 3  
3a.9.a 
3 4 . 9 4 3  
3I.V.3 
5 4 . 9 1 3  
3 I . P . 3  
3 4 . 9 4 3  
14.9.3 
34.9.3 
31.9.) 
1 4 . 9 1 3  
31.943 
1 4 . 9 1 3  
3l.943 
3 4 . 9 4 )  
34.9.3 
3 1 . 9 1 3  
3 4 . 9 4 )  
34.9.3 
34 .9 .3  
3a.9.3 
1e.951 
3..954 
34.9'7 
34.963 
3 4 . 9 7 3  
3 4 . 0 8 3  
3 5 . 0 1 1  
s s . 9 2 1  
" ' = 5 % 5  
cm I 
lZ.965 
l2.02) 
12.93. 
12.951 
12.9en 
I2.98b 
13.014 
13.051 
I3.LOb 
13.185 
13.23. 
13.317 
13.462 
13.500 
IJab3. 
15.605 
13.936 
1..111 
1 4 . 3 0 7  
14,521 
1..747 
1 4 . ~ 8 7  
15.229 
,>..e7 
15.741 
1b.011 
1e.284 
1b.554 
1b.1114 
17.02. 
17.237 
17.45. 
17.583 
17.771 
17.900 
i e . i n ?  
10.*0? 
in.un5 
10.bJli 
19.115 
10.371 
1V.b30 
19.8V2 
20.134 
28.*31 
2P.b30 
20.842 
U.110 
21.383 
)1.510 
21.734 
,1.v02 
72.121 
?2.32n 
P2.*D, 
v'=614!.1 8 -6021.9 
0 - 1  
)2.549 15.OPi 
22.599 15.114 
)L.b27 15.lte 
22.b40 I5.1PC 
22.b45 I5.let 
?2.b45 
22.baS 
I2.b.5 
22.645 
22.b45 
22.b45 
72.b45 
??.bo5 
?ZIb47 
22.b15 
22.b.5 
>2.b.5 
>2,b45 
22.645 
22.b.5 
72.b'- 
,2.b45 
>?.b45 
2?.b15 
2Y.b.5 
2i.b.5 
7P. b45 
22.b41 
22.b45 
2?.b45 
2;. 6.5 
72. bI5 
2?.b*5 
2i.bIS 
92.b45 
7?.b45 
??.bas 
22.645 
?i.b4B 
22.b57 
' 2  .bD1 
7r.bs3 
i i . 7 0 1  
7 z . 7 : s  
22.671 
15.1L7 
15.1e7 
75.1h7 
t5.117 
15.1'7 
1?.547 
12.541 
12.544 
12.545 
12.547 
12.540 
17.552 
12.5b4 
12.581 
12.607 
17.633 
12.b01 
17.757 
l?.P70 
13.031 
1 1 . 3 0 1  
13.522 
13.771 
14.Ob9 
14.30b 
1a.736 
15.097 
15.479 
15.87b 
1b.277 
Ib.b¶Z 
17.008 
17.330 
17.518 
23.0:s 
in.1~7 
11.20 
18.500 
10.751 
19.ObV 
19.427 
lV.792 
20.209 
20.b11 
2I.010 
21.391 
21.7Sb 
22.133 
22.432 
22.701 
23.01b 
23.2Vb 
23.421 
23.627 
231748 
23.9VI 
26.013 
21.013 
24.0Vb 
21.104 
24.111 
24.114 
21.115 
24.115 
21.115 
24:119 
2 4 . 1 1 5  
24.115 
24.115 
24.115 
2 4 . 1 1 1  
24.115 
24.115 
24.115 
24.115 
2a.115 
24.115 
2*:115 
24.115 
2..115 
24.115 
12.852 
17.791 
21.89n 
24.115 
24.115 
21.11Y 
21.119 
24.115 
24.115 
24:115 
24.115 
2 4 . 1 1 5  
24.115 
21.115 
2..117 
2*.115 
24.115 
24.115 
24.11) 
24.110 
24.121 
24.125 
24.130 
24.131 
v'=6021.9 
0 - 1  
10.3u: 
10.30' 
10.30!  
10.30: 
10.30;  
10.31: 
10.31: 
10.33: 
1 0 . 3 4 ;  
1 0 . 3 1 .  
1 0 . 4 1 *  
10.4bf 
10.534 
IO.b2? 
10.734 
I 0 . 7 V 5  
11.033 
11.224 
I I . 4 3 ?  
Il.b75 
ii.vat 
12.215 
12.501 
12.795 
1 3 . 1 0 1  
1 3 . 4 1 2  
1 3 . 1 0 3  
13.9V5 
14.2bO 
I*.400 
14.655 
14.793 
1 4 . a 7 1  
15.015 
15.211 
1 5 . 4 4 1  
15.704 
15.9s) 
1b.283 
1b.bl4 
1b.92)1 
17.214 
17.53¶ 
17.623 
11.124 
111.3b7 
I11.595 
11.1b5 
19.117 
lV.233 
1 9 . 4 1 1  
1 9 . 5 3 3  
19.b?? 
19.771 
19.127 
19.159 
19.073 
19.884 
lV.88Y 
19.813 
10.883 
lV.813 
19.113 
IV.883 
19.083 
19.880 
lV.883 
19.e03 
I9.88a 
lv.asi 
1 o . m  
1 v . n o a  
lV.113 
tV.103 
1V.dIa 
19.1103 
lV.083 
19.883 
11.813 
19.0113 
19.b83 
19.80? 
19.883 
1 9 . 3 8 3  
1 9 . o e a  
1v.am) 
1 9 . 0 8 3  
IV.883 
1V.803 
19.003 
1v.8ea 
19.8ea 
19.8113 
1 9 . 0 8 )  
1V.0113 
19.083 
1 9 . 8 8 )  
1v.svl 
19.8V5 
10.@97 
7.3Y7 
7.358 
7.367 
7.374 
7.30b 
7 . 3 9 5  
7.407 
7.450 
7.497 
7.549 
7.b12 
7.311 
7 . 4 2 ~  
4.::: 
7. 821 
8.Plb 
0.152 
8.3)) 
0.471 
8. b50 
0 .  85b 
v.010 
9.210 
9.474 
9.613 
v .I91 
10.102 
10.293 
10.461 
10.b85 
10.790 
10,928 
11.084 
11:24b 
11.427 
ll.b24 
11.815 
12.027 
12.215 
10.721 
12.449 
12.b47 
12.8J9 
13.051 
13.229 
13.591 
1 3 . 7 1 3  
13.3.m 
i>.n76 
14.028 
1 4 . 1 3 2  
14.253 
16.342 
14.391 
1 a . 4 1 1  
14.432 
1 4 . 4 4 3  
14.449 
10.451 
1 4 . 4 9 1  
14.491 
1 4  ~ 4 5 1  
1 4 . 4 5 1  
1 4 . 4 5 1  
1.825 
4.82, 
4.025 
1.1136 
a.853 
4.11b) 
4.1183 
4.VOS 
4.923 
4.955 
4.997 
5.041 
5.007 
5.103 
5.213 
5.251 
5.374 
5.464 
5.561 
5.671 
3.705 
5.911 
6.032 
b.lb7 
b.293 
b.435 
b.57a 
b.704 
b.834 
6.9.J 
7.045 
7.141 
;.io1 
7.295 
1 . 4 3 1  
1 . 5 0 3  
1.623 
7.750 
7.172 
8.007 
11.142 
11.200 
8 . 4 1 4  
0.541 
8.b111 
e.795 
8 . 9 0 5  
V.04J 
9 . 1 8 0  
V.245 
9.35) 
9.433 
9.533 
V.bl5 
V.bb5 
9.b95 
9.703 
9 . 1 1 3  
9.713 
9.713 
V.713 
v.713 
V.713 
V.713 
9.713 
'-6141.7 
cm- 1 
3 . i ; :  
J.lil 
3,lOC 
3.107 
3 . 1 0 c  
3 . 1 1 2  
3.:1V 
3.125 
3 . 1 4 3  
3.lbO 
3.171 
3.20. 
3-27. 
3.31q 
3.342 
3.41: 
3 . 4 0 c  
3.52b 
3.591 
3 . m  
3.bni 
3.737 
3.018 
3.902 
3 . 9 0 4  
4.071 
4.lbl 
4.24C 
4.330 
* . * P a  
4.473 
e.543 
. ; re t  
4.b56 
4.721 
4.7Vl 
4.85V 
4.937 
5.0@7 
5.0118 
5.1b7 
5.252 
5.331 
5.409 
5 . a  
5.57. 
5.b47 
5.736 
5.830 
5.877 
5.957 
b.020 
b.OVP 
b.Ib5 
be210 
6.23. 
b.2Ib 
b.24b 
b.24b 
b.24b 
b.2ab 
b.24b 
6.211 
b.24h 
b.246 
v,-6l?? 
L.l 
4.221 
4.213 
*,223 
4.221 
0.221 
4.223 
a.224 
4.220 
4.235 
4.243 
4.254 
'.?S? 
4.203 
4.30. 
a . 3 4 9  
4.372 
4.4b1 
4.533 
4.b07 
a.704 
*.a10 
4.V30 
5.059 
5.180 
5.328 
5.468 
5.b00 
5 . 7 1 5  
5.834 
5.v10 
5.987 
b.050 
b.0v3 
b.150 
b.227 
b . 320 
b.430 
b.557 
b.07 
b.037 
b.903 
7.120 
7.393 
7.520 
7.b33 
7.720 
71113) 
7.932 
7.970 
8 . 0 4 b  
1 . 0 9 1  
0.145 
0.104 
8 . 2 0 9  
1.221 
1.220 
0.232 
0.235 
0:237 
8.237 
0.237 
0.237 
8.217 
.Y.2J? 
7.261 
r'-bl55 
c.-l 
1 . 7 2 7  
3.727 
3.727 
3.721 
3.727 
3.727 
3.777 
3.723 
3.731 
3.737 
3.7.7 
J.?b? 
3.785 
3.815 
3.1153 
3 . 0 7 ?  
3.Vb2 
a.033 
4.111 
4.205 
. . J l ?  
4.425 
4 . 5 4 5  
4.bb3 
4.7v1 
4.927 
5.051 
5.170 
5.367 
5.435 
5.495 
5.515 
,.%5 
5.625 
5 . 7 1 3  
5.115 
5.935 
b.053 
b.193 
b.334 
b.471 
6.59) 
6.722 
b.85) 
b.953 
7.053 
1.163 
7.21? 
7 . 3 1 3  
7.391 
1.43) 
1.4'3. 
7.535 
7.553 
7.572 
7.502 
7.583 
1.593 
7.594 
7.5va 
7.594 
7.594 
7.594 
7.59+ 
1.283 
-6155 
c.- 1 
. ? z r  
/.920 
2 . 9 2 0  
2.910 
2.9)1 
2 . 9 2 r  
2 1 9 2 c  
2.929 
1 . 9 2 9  
7 . 9 2 ,  
2.915 
2.vj5 
2.9.0 
2 . 9 0 3  
2.737 
3.008 
3.075 
3.127 
3.109 
3.2b7 
3 . 3 4 )  
3.42P 
3.515 
3.bO.Y 
5.701 
3.804 
3.899 
3.990 
4.076 
* , 1 4 ?  
4.202 
4.248 
4.2b3 
9 . X P 3  
..a57 
4.427 
4,507 
4 , 5 9 8  
4.b08 
4.792 
4 , 1 9 0  
4.092 
5.0118 
6 . 1 0 4  
5.203 
5.3b. 
5 . 4 4 7  
5.531 
5.b19 
5.b59 
5.721 
5.7b1 
5,840 
5.0b0 
5.871 
5.178 
5.079 
5.879 
5.07V 
5.079 
5 . 8 7 9  
5,879 
5.879 
5 . 8 7 9  
5.807 
5-7 
4471.3 
5475.2 
b475.0 
447b.8 
6670.7 
54Y0.5 
$402.2 
4434.0 
5415.7 
5417.5 
4499.2 
$490.9 
b492.b 
4494.2 
$495.9 
('91.5 
(409.1 
5500.7 
5502.1 
45n4.b 
451b.1 
3507.b 
3rno.i 
45lo.b 
b512.I 
5513.5 
4514.9 
(516.1 
b517.7 
b5l9.1 
(570.5 
5521.0 
0 ? 3 . 1  
4574.4 
(575.7 
6577.0 
457I.3 
1529.5 
5570.7 
4571.9 
b513.1 
4514.3 
b511.0 
(539.0 
b541.5 
3543.0 
4544.3 
55.5.0 
b5b7.2 
6544.2 
6550.0 
6 5 5 1 . 3  
4552.6 
b53*, 0 
6555.a 
4 5 5 6 . 1  
$557.0 
455P.O 
55bO.J 
b562.0 
b5b4.0 
b5bb.O 
6568.0 
(570.0 
b572.O 
b574.O 
b57b.O 
b571.0 
b510.0 
5532.0 
(514.0 
15nb.O 
45PO.O 
6592.0 
004.0 
~ 5 w . o  
o w . o  
( 5 o n . o  
n~09.o 
56ni.o 
4603.0 
56"O.O 
6 b n 2 . 0  
Sb04.0 
4bn5.O 
,..5+6 
cm 1 
321.530 
326.711 
327.551 
320.997 
330.409 
332:219 
333.712 
3 1 5 . 4 I ?  
337.117 
338.150 
341;521 
34?.11. 
343.0bl 
3.5:.33 
347.097 
3 4 1 . 6 5 1  
35O.lOO 
353;33r 
35.;305 
3 5 5 .  IO' 
357.131 
3 9 8 ; h O )  
360:OOb 
361.576 
351:62n 
367.973 
364.371 
365,'be 
367.p45 
35#.5b3 
3b9:950 
371.251 
3 7 2 . 5 4 1  
373.023 
375.091 
176:lb3 
377.591 
3 7 8 . 7 1 1  
179:79v 
1oo.nso 
3.92:702 
3 8 1 . R 2 7  
3 0 5 : 7 1 5  
386.3bC 
307.612 
JIIR.SOC 
3no.322 
390.323 
391 : ? P O  
3 9 2 . " 1 0  
193,291 
JP4.20b 
395:105 
396.056 
39b.Pb5 
3P7.752 
390.31b 
399.010 
109.191 
4oo.?mz 
4 0 0 : 1 4 3  
401.117 
4 0 1 . 4 1 3  
401.502 
601.72- 
401,041 
401.911 
4 0 7 . 0 3 4  
407.112 
4 0 2 , 1 ? ?  
.02:233 
407,324 
102.359 
4 0 2 . 3 0 7  
1 0 2 . 4 0 7  
6 0 2 . 4 2 1  
407.427 
402.420 
402 .2 .92  
/ '  5901 
cm- I 
271.35b 
177.7'0 
773.?00 
?74.797 
775.682 
771.noo1 
77n.122 
2n2.77) 
m . i n ~  
?na.ii* 
ivn.11n 
279.104 
P01.216 
20*.2b4 
787.196 
291.505 
?92.R09 
79'1.21b 
7 9 5 . 9 4 4  
?90.902 
798.724 
7 9 9 ,  6 5 Q  
100.P42 
7n7.347 
7~4.04n 
103.679 
305.024 
300.373 
3 0 9 . 0 5 2  
310.382 
311.611 
112.813 
313.909 
11'.133 
316.240 
317.294 
3 1 8 . 2 1 5  
31V.065 
so1.iin 
3 1 9 . n 5 4  
320.575 
3?1. 75" 
323.371 
7 2 7 . 5 2 n  
374..87 
325.010 
325,536 
320.184 
3?6.024 
127.295 
3 7 n . 7 5 2  
w . 3 4 n  
320.9c.n 
3 i n . 5 4 7  
331.043 
131.430 
33?,O74 
332.509 
320.145 
131. n o 1  
332.~05 
1 3 7 . 9 I . L  
333,103 
351.191 
333.764 
333.721 
3 3 3 . 4 . 9 n  
3 3 1 ,  lob 
3 3 1 , 4 3 0  
331.517 
333.54b 
337.5bV 
333,505 
331.594 
3 3 1 . 5 P 6  
" '  = 19? 1 
< m  1 
224.847 
2?5.125 
276.071 
226.815 
2 ' 1 . 7 " S  
2 2 8 .  bC3 
129. bil 
230.763 
213.113 
2 3 4 . 3 2 1  
235.513 
216.76) 
239.09 1 
140.147 
24 I .I /' 4 
24I.Pnl 
212.61 ? 
2 4 3 . 0 6 1  
213.713 
245.75) 
74b.074 
248.055 
249.192 
2 5 0 . 3 6 3  
251.511 
252.713 
2 5 3 . 8 i l  
2 5 5 .  O I ?  
256.051 
2 5 1 . 0 4 )  
25 7 .9P? 
2 11. 
777.91a 
244.601 
2 5 8 . ~ 9 1  
279.14) 
2 6 0 . 5 1 3  
261.7t1 
261.173 
202.2nr 
2b2.751 
2b3. 1 7  I 
264.723 
2b5.144 
2 e 5 . 4 r >  
2b5.1I4 
265.1q5 
26b.413 
2bb.7ir 
211.2'5 
267.413 
2b7.9hr 
268.331 
2'16.6 7 I 
268.9' > 
269.ll3 
269. 39 J 
269.541 
ZhV.704 
209.94? 
270.054 
1 ? 0 . 1 1 1  
2 1 0 . 1 7 1  
?'0.207 
2'0.211 
270.201 
210.2R3 
210.31' 
270.331 
2 7 0 . 3 1 1  
210.35 7 
270.353 
2 1 0 . 3 6 1  
2 1 0 . 3 6 3  
264.481 
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' = 1 9 0 1  
<m-l 
231,571 
?3?.lbl 
737.420 
213.574 
234.193 
735.471 
736.4.96 
7 3 1 . b 4 0  
710.n55 
2 4 1 . 2 0 7  
74?.520 
?41.177 
744.93b 
74h.12b 
747.192 
?48.175 
?.9.05n 
25". 151 
7 5 * . 7 P 7  
751.519 
75?.381 
253,376 
254.470 
255.617 
23n.787 
250.171 
257.927 
259.093 
26fl.265 
?61,427 
2b?.569 
2b3.602 
264.591 
2b5.545 
2b6.431 
7b7.260 
2bn.oi4 
Z I R . L I ~  
?b9.?15 
?b9.?2b 
2 7 0 . 1 1 7  
7 7 0 . 6 0 0  
271.802 
277.074 
772.571 
272.055 
?73.12? 
?71.453 
273.7.94 
2 7 4 . n ) ~  
274.479 
774.807 
775,463 
275.749 
276.007 
270.704 
276.398 
?70.540 
276. 770 
275.1in 
276.919 
271.055 
771.133 
271.191 
271.731 
277.277 
'7'.304 
771.331 
271.3b1 
? 7 7 . 3 6 ?  
777.409 
271.42q 
7 1 1 . 4 3 7  
377.447 
777.455 
277.46) 
271.4bT 
271.471 
277.417 
777,473 
277.474 
777.474 
?77..71 
7 7 7 . 4 7 .  
277.474 
i';5901 
cm- 1 
202.13) 
2 0 3.15 3 
2n3.b~) 
204.ia3 
2 0 1 . 8 0 !  
205.b11 
206.413 
101.313 
208.251 
2 0 9 . 2 7 2  
210.281 
211.29) 
212.317 
213.22 3 
2ia.213 
215.045 
216.413 
217.511 
210.055 
219.323 
120.431 
271.115 
222.373 
223.365 
2 7 4 . 3 6  1 
225.36 3 
22b.351 
127.315 
2211.93) 
229.74 3 
230.455 
231.0U? 
231.b5) 
232.127 
232.541 
232.905 
233.225 
233.51 5 
231.31I 
23*.5se 
234.063 
235.051 
235.231 
235.451 
235.b05 
2 1 5 . 7 ~ 1  
217.1>4 
218.777 
2 7 n . 1 7 5  
235.655 
23b.163 
2 3 0 . 3 V 3  
23b.617 
236.84 > 
2 3 1 . 0 > 1  
2 3 1 . 2 3 )  
237.313 
237.5n3 
237.bfl3 
Z S I . 1 6 1  
211.871 
217,933 
238.005 
210.014 
130.07a 
230.100 
230.17? 
2 3 8 . 1 4 1  
238.16j 
230.ll? 
218.171 
2 3 0 . 1 7  5 
230.171 
23.5.15 
230.17 I 
2 3 8 . 1 7  5 
2 3 0 . 1 7 5  
210.11, 
238.11> 
2 3 8 . 1 7 5  
230.17 1 
230.171 
2 3 8 . 1 1 5  
2 1 0 . 1 ' 3  
238.115 
,. " a -  " , " " <  ." ." 
' Y . 2 1 5  
.'9.203 
1 7 9 . ~ 4 1  
I ' V . 5 1 3  
I)Y.513 
I iY.513 
I ,Y.L)lL 
I 
I 
t 
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( . , > - 1 )  
w r 3 . z  
5471.J 
L.75.3 
5 . 1 8 . 1  
\.SP.5 
L4S2.2 
34a.. . )  
44a5.7 
5497.5 
54'9.2 
5 4 I O . P  
54>2.b 
5.35.0 
, . ? l .>  
5.09 .1  
35c3.7 
55-3.1 
55n4.0 
55*b,1 
5537.6 
55r9.l 
5il0.b 
kz.7.1 
L5'3.5 
'>,..V 
9516.3 
5 5 . 7 . 7  
5519.1 
s 5 7 1 . S  
5571.8 
5573.1 
551..4 
5i?5.7 
5 5 > 7 . ?  
55)8.3 
r529.5 
5531.7 
< 5 3 1 . 9  
5553.1 
5534.3 
5538.0 
5 - 1 9 . 0  
45.1.5 
55.3.3 
55 .4 .3  
55.5. a 
35.7.2 
55.8.2 
5550.0 
5551.3 
5552.b 
3556.0 
5555.. 
5556.1 
5557.B 
5 5 5 9 .  0 
55bO.O 
5502.0 
3 5 4 4 . 3  
55Lb.O 
5 5 1 0 . 0  
S572.0 
5574.2 
557b.O 
5578.0 
5592.0 
%47b.Y 
5ra4.2 
55.8.0 
55an.o 
,1.59>\ 
cm ' 
9..0.5 
9..1?" 
94.317 
91.48, 
94.b82 
9 4 . ~ 9 7  
95.12e 
95.402 
95.h7.I 
9 5 . 9 8 7  
9*.79b 
Pb.bl3 
Ph.931 
97:214 
97.543 
97.819 
~ n . n 5 0  
911.742 
qe.i7. 
98. 451 
P"61I 
VB.*36 
90.113 
i i . . ; 6  
09.761) 
100.114 
1 0 0 . ~ 7 1  
I 0 0 . 8 3 ?  
101.I86 
101.517 
101.R81 
1 0 2 . 1 8 1  
107.475 
102.7.5 
1 0 2 . o m  
103.204 
103. '91 
181.540 
103.581 
101.79b 
103.090 
101.075 
101.253 
1C4.361 
1?*..19 
!e., re1  
104.559 
11..636 
1 0 4 . C 9 .  
1 1 4 . 1 9 4  
101.*b? 
104.93b 
105.073 
135.125 
135.lb7 
105.109 
105.198 
105.325 
105.341 
105.3b5 
105.3Pl 
lOS.399 
1 0 5 . 4 0 4  
105.405 
1 0 5 . 4 0 '  
115,405 
104.211 
I 0 5 .  0 1 7  
i8q.wn 
io5.un 
.,.=,Si.' 
C D  1 
n i . > b 3  
0 3 . 0 7 )  
63.17. 
n3.42, 
D3.5b7 
b3.715 
0 3 . 8 9 ?  
~ 1 . 0 7 1  
*4.261 
6 4 . 4 5 ,  
01.bSi 
b4.db. 
b S . 0 5 3  
05.2b1 
PZ...? 
h5.b21 
'j5.7b1 
b 5 . 8 8 ?  
e5.937 
.5.013 
rb.28? 
>e.391 
+ L . b U >  
sb.Bl1 
C7.0bl 
n1.541 
hl.027 
h8.211 
b8.4l4 
AB.67) 
b 8 . 8 1 3  
hV.O.2 
CY.20? 
-0.3bJ 
* 0 . 4 P I  
nP.bo5 
b 9 . 7 0 3  
69.795 
60.811 
70.181 
'C.2dl 
1 0 . 2 9 5  
70.311 
70.41.) 
70.477 
70.525 
7O.b1? 
iO.b75 
13.741 
7 0 . 8 " 7  
70.8t.3 
7 0 . 9 ? 1  
f 0 . 9 0 1  
71.001 
71.013 
b3.2~3 
ni.3ni 
417 .7a5  
70.137 
71.0" 
7 1 . 1 9 5  
'1.12? 
71.12) 
'1.131 
11.13? 
7 1 . 1 1 ?  
71.137 
11.13? 
11.13? 
11.13' 
" ' = 5 9 5 5  
'.l- i 
i d . 5 i i '  
* g . j i ?  
41.b57 
4 8 . 7 5 ~  
48.85; 
4a.9e9 
49.005 
49.22' 
49.3bl 
49.513 
49.b5c 
4 9 . d l . r  
4 9 . 4 6 9  
5 4 . l l P  
5 4 . L ) t  
54.421 
54.554 
%.E+ 
y ) . l l S  
=.VL5 
y).bb; 
5 ~ . 0 8 1  
5 L . 2 l t  
51.3a7 
51.35, 
51.736 
51.925 
5 2 , l I l  
52.298 
52..06 
5 2 . 5 7 2  
52.917 
52.9*9 
5 3 . 1 4 9  
51.26C 
53.424 
53.5 .9  
53.65s 
53.75 ,  
53.835 
53.912 
51.90z 
54.215 
54.282 
Y.35? 
%..I' 
Y..?? 
14.5.) 
y * c 1 1  
W . 8 ' 1  
5 4 . 7 ' 1  
%.*.I 
14.9," 
5 4 . 9 > 5  5.037 
5 5 . 0 9 ~  
15.131 
I S . l i ?  
5 5 . 2 9 3  
55.25) 
15.2~5 
55.307 
55.319 
SS.325 
55.32'1 
55.325 
SS.Si5 
5 5 . 5 2 5  
5 5 .  375 
55.32C 
\ =5%S 
cm 1 
51.477 
51.524 
51.513 
51 . c 4 0  
51.732 
51.82b 
51.925 
5Z.lb9 
52.107 
5?..44 
5?.5@7 
52.723 
57.981 
53.001 
53.190 
53.256 
51.300 
5 1 . 3 4 )  
53;lOb 
53.497 
53.611 
53.74b 
j:.e,. 
54.050 
54.212 
5..375 
54.535 
5 4 . 6 9 2  
5..838 
54.9b7 
'15.199 
'15.297 
55.311 
59.457 
15.512 
55.5b7 
55.501 
55.635 
55.bb5 
55:7b( 
55.777 
55.B05 
55,827 
55.44b 
55.872 
55.899 
55.920 
55.957 
56.021 
5b.051 
56.081 
56.103 
5b.11. 
5b.11b 
5b.148 
5b.lb7 
50.181 
5b.193 
56.201 
5b.787 
5h.209 
5b.21n 
5 b . 2 1 0  
5b.210 
3b.?lB 
56.210 
52.n.3 
52.1152 
55.01n 
55.ven 
i '=IF5 
- 1  
35.064 
3 5 . 0 9 7  
33.lJ3 
35.187 
35.21) 
c5.1n7 
15.31) 
15.461 
33.513 
35.643 
15.15.) 
35.051 
35.951 
16.043 
lb.145 
3b.21? 
31.311 
3b.30) 
3 5 . 4 0 7  
3b.427 
3 0 , 4 7 1  
lb.5:I 
3b.b>? 
lb.7I4 
3b.813 
3b.958 
37.073 
17.191 
11.311 
31.121 
1 1 . 5 4 3  
37.b41 
37.733 
3 7 . 0 1 3  
37.909 
31.993 
38.10? 
38.145 
3(1.1*5 
3 8 . 2 1 3  
18.244 
30.332 
3 8 . 3 i 1  
3 8 . 3 0 1  
1 8 . 4 0 2  
38.431 
39.455 
38.475 
3 n . 0 4 3  
3 1 . 3 4 9  
11.511 
$B.51* 
3B.563 
38.587 
38.b11 
38.b2) 
38.644 
38.b5) 
lB.bb? 
3 8 . 8 8 3  
38.bV1 
3 8 . 7 0 1  
3 0 . 7 0 5  
38.7'l3 
38.70? 
3 B . ? O ?  
38.70? 
38.703 
38.703 
38.703 
v'-6141.1 v'=b021.9 
cm- 1 _- 1 
2 4 . 1 4 6  
24.157 
24.177 
24.181 
24.202 
24.221 
24.243 
24.2l8 
2 4 . 3 1 ~  
2 4 . 2 V 9  
26.379 
24:423 
2*.4b8 
21.511 
24.5w 
21.591 
24. b23 
24.650 
24.677 
24.609 
2e.700 
24.714 
24,739 
24.773 
24.aib 
24.8b1 
2I.POI 
2..960 
25.812 
2S.Ob3 
25.111 
25.112 
25.205 
25.244 
25.777 
zs:309 
25.320 
25.348 
25.3bb 
21.380 
25.390 
25.399 
25:421 
25.427 
25.442 
25.449 
25.453 
25.457 
25.4b2 
21.4b5 
2 ~ . t 7 n  
25.47a 
25.480 
2S.487 
25.494 
25.500 
25:50b 
25.511 
25.515 
25.521 
25.52b 
25.528 
29.529 
25.529 
25.529 
25.529 
25.52. 
25.529 
23.529 
25.529 
v'=b021.9 
0 - 1  
I4.lY3 
19.971 
10.035 
19.953 
1V.015 
20.000 
20.027 
20.Ob3 
20.097 
20.137 
20.173 
20.221 
20.2b4 
20.304 
20.342 
2 0 . 3 1 5  
20.40? 
20.4?, 
20.431 
20.441 
20.452 
20.473 
20.504 
20.541 
70.583 
2C.b5? 
20.b77 
20.725 
20.7?6 
'0.821 
zo.nb5 
20.007 
20.943 
20.V73 
21.003 
21.035 
21.061 
21.07) 
21.09* 
21.105 
21.114 
21.12? 
21.141 
21.1.5 
21.155 
21.157 
21.153 
21.153 
21.lbl 
21.lb? 
21.16i 
21.Ib3 
21.171 
21.111 
21.175 
21.173 
21.182 
21.183 
21.184 
2 1 . l B J  
21.183 
21.183 
21.185 
21.185 
21.185 
21.163 
21.183 
21.183 
21.181 
21.105 
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